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Art.  L — On  the  Suspension  and  Sedimentation  of  Clays;  by 

Wm.  H.  Brewer. 

In  a  paper  read  before  the  National  Academy  of  Sciences  in 
1883,  and  since  published,*  I  have  considered  some  of  the  gen- 
eral phenomena  of  sedimentation  and  given  a  partial  account 
of  experiments  pertaining  to  the  sui)ject.  Clays  and  the  mate- 
rials  suspended  from  soils  and  from  pulverized  rocks  formed 
part  of  the  substances  experimented  on  an«i  discussed. 

The  continuation  of  the  experiments  then  in  progress  con- 
firms and  extends  the  conclusions  there  stated,  and  this  article 
with  a  succeeding  one  may  be  considered  as  a  review  and  con- 
tinuation of  the  previous  paper,  so  far  as  it  specially  relates  to 
the  transportation  of  mud  in  natural  waters  and  the  formation 
of  bars  and  deltas.  In  this  paper  I  will  consider  the  behavior 
of  clays  toward  water,  as  shown  by  laboratory  experiments,  and 
in  the  next,  the  application  of  the  same  in  explanation  of  the 
natural  phenomena. 

Erosion  by  running  water,  the  tran^^portation  of  suspended 
mud,  its  deposition,  the  formation  of  bars  in  rivers  or  at  their 
mouths,  the  growth  of  deltas,  the  distribution  of  silt  in  lakes 
and  harbors  and  on  the  floor  of  the  ocean  have  mostly  been 
discussed  from  the  mechanical  side  only.  The  chemical 
aspects  of  the  phenomena  have  usually  either  been  but  lightly 
considered  or  entirely  ignored. 

*  "On  the  Subsidence  of  Particles  in  Liquids;"  Memoirs  of  the  Nat.  Acad. 
8cL,  Yol.  ii. 
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he  transportation  and  deposition  of  gravels  and  coarse 
Is  are  probably  in  accordance  with  well-known  hydraulic 
1,  in  which  the  velocity  of  the  current,  the  specific  gravity, 
the  relative  weight  and  surface  of  the  transported  materials 
the  only  factors  that  need  be  considered  in  any  practical 
ussion.  But  with  those  finer  particles  of  disintegrated 
s  which  are  ultra-microscopic  in  size  and  all  those  which 
igh  still  coarser  are  small  enough  to  be  subject  to  those 
ements  in  liquids  known  as  the  "Brownian  motions,"  and 

the  true  clays  I  consider  that  chemical  conditions  rather 

mere  motion  of  the  water  are  the  controlling  factors, 
have  carried  on  a  long  series  of  experiments  on  the  sedi- 
tation  of  clays,  and  the  finer  portions  of  soils  and  pulver- 

rocks,  mostly  in  tall  precipitating  flasks  in  which  the 
trials  were  first  agitated  with  the  respective  liquids  and 
»  then  allowed  to  stand  at  rest  under  various  conditions  as 
ght,  temperature,  etc. 

bere  is  considerable  diflference  as  lo  details  in  the  behavior 
Eirious  clays  in  water.  With  some  of  them,  if  agitated  and 
oughly  diflFused  through  the  liquid  and  then  allowed  to 
i  at  rest,  the  turbidity  fades  gradually  and  regularly  in 
iity  from  the  bottom  to  the  top,  and  the  liquid  gradually 
7s  clearer  until  it  becomes  as  clear  as  natural  waters  ever 

Usually  however,  and  with  the  great  majority  of  clays  (if 
water  be  pure  enough),  the  deposition  is  in  quite  a  diflfer- 
manner.     After  some  time,  it  mav  be  in  a  few  hours  or  it 

be  only  after  some  days,  the  suspended  material  disposea 
f  in  layers  or  strata  which  are  more  or  less  obvious  because 
le  difl:erent  degrees  of  turbidity  of  the  liquid.  There  may 
ut  two  or  three  of  these  layers  to  be  seen  at  once  or  there 

be  six  or  eight,  the  number  depending  in  part  on  the  com- 
tion  and  fineness  of  the  material  under  experiment,  in  part 
he  freedom  of  the  water  from  other  dissolved  material  than 
3lay  itself,  and  in  part  on  the  temperature.  Some  of  these 
rs  may  be  and  usually  are  very  obvious,  others  obscure  and 

to  be  seen  in  the  best  light ;  some  are  very  sharply  de- 
1,  others  remain  ragged  and  ill  defined  along  the  line  of 
ration.  Some  which  may  be  obscure  at  one  tem()erature 
me  sharp  and  well-defined  if  the  temperature  be  slowly 
d  or  lowered  a  few  degrees,  or  well-defined  strata  at  one 
3erature  become  first  hazy  and  then  disappear  at  a  higher 
3wer  temperature.  Sometimes,  with  a  change  of  tempera- 
,  what  was  before  one  uniform  stratum  will  slowly  resolve 
f  into  several  obvious  strata,  which  remain  distinct  so  long 
he  temperature  is  right,  but  which  disappear  again  and 
me  homogeneous  at  another  temperature.  Thus,  some  sus- 
led  clays  may  be  induced  to  exhibit  a  much  larger  Dumber 
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i  these  liquid  strata  in  the  aggregate  than  are  visible  at  any 
ne  time. 

These  different  strata,  having  unlike  degrees  of  opacity, 
ettle  with  very  different  degrees  of  rapidity,  and  if  the  temper- 
tore  be  kept  nearly  constant  and  the  vessel  entirely  at  rest, 
beir  number  grows  less  and  less  from  the  more  rapid  settling 
f  the  lower  and  heavier.  The  lighter  ones  usually  settle  with 
xtreme  slowness  often  but  a  millimeter  per  day,  some  even  less 
ban  half  that,  and  consequently,  any  cause,  such  as  varying 
emperature,  which  sets  up  even  very  feeble  currents,  may  so 
etard  the  ultimate  clearing  as  to  indefinitely  prevent  it 

If  the  vessel  be  kept  in  the  quiet  and  with  as  nearly  constant 
temperature  as  is  possible,  the  liquid  finally  becomes  uniformly 
opalescent  throughout.  This  opalescence  gradually  fades  for 
it  time,  from  the  subsidence  of  some  of  the  suspended  matter, 
and  if  the  water  contains  a  sufficient  amount  (which  may  be  a 
very  minute  proportion)  of  certain  salts  in  solution,  it  becomes 

Eictically  clear,  that  is,  clear  to  the  unaided  eye  in  ordinary 
ylight, — as  clear  as  the  clearest  natural  waters.  If,  however, 
the  water  be  free  from  dis^^olved  substances  (other  than  the 
elay  itself)  the  fading  of  the  opalescence  ceases  after  some  time, 
it  may  be  in  a  few  weeks  or  it  may  be  only  after  two  or  three 
Tears,  and  after  that  the  liquid  becomes  no  clearer  by  sianding. 
The  degree  of  opalescence  may  and  often  does  vary  with  vary- 
ing temperature,  as  if  some  of  the  sediment  were  again  picked 
up,  or  as  if  a  portion  which  had  fallen  and  remained  as  a 
nobile  liquid  stratum  on  the  bottom  at  one  temperature  were 
again  raised  by  diffusion  at  another  temperature.  Certain  very 
ferraginous  clays  under  experiment,  the  later  suspensions  from 
which  are  amber-colored,  change  thus  very  decidedly  and  obvi- 
ously from  summer  to  winter  in  a  vessel  which  is  kept  in  the 
temperature  of  my  study.  In  pure  water  the  subsidence  is 
probably  never  complete.  Some  specimens  under  experiment, 
which  have  stood  more  than  seven  years  and  which  are  still 
obviously  opalescent,  have  not  become  sensibly  clearer  for  the 
hst  four  years.  The  last  portion  of  this  time  they  have  rested 
CD  a  shelf  fastened  to  a  heavy  wall  in  a  deep  cellar  and  further 
eocloscd  in  a  closet,  in  which  changes  of  temperature  are  very 
dow,  and  jars  or  motion  practically  none. 

In  the  presence  of  mineral  acids  and  various  salts  (and 
numerous  substances  not  classed  as  salts  or  acids),  ihe  behavior 
€i  suspended  clays  is  very  different.  If  a  small  quantity  of 
mineral  acid,  or  some  saline  substance  be  added  to  muddy 
water,  the  strata  described  are  either  not  formed  at  all,  or  are 
fewer  and  settle  more  quickly.  If  the  quantity  of  dissolved 
naterial  is  sufficient,  the  clay  curdles  or  flocculates  and  imme- 
liately  falls  to  the  bottom.      If  now  the  clear  saline  (or  acid) 
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liquid  be  decanted  from  the  sediment,  an  equal  quantity  of  dis- 
tilled water  be  added  and  the  mud  a^ain  diffused  by  agitation, 
the  clay  again  allowed  to  settle,  the  liquid  again  decanted 
when  clear,  and  this  process  repeated  over  and  over,  the  salt- 
ness  (or  acidity  as  the  case  may  be)  of  the  liquid  growing  less 
with  each  dilution,  we  may  study  the  behavior  of  the  same 
portion  of  clay  in  solutions  of  different  (and  known)  degrees  of 
strength,  and  by  repetition  with  the  same  clay  in  the  same 
vessel,  over  a  sufficiently  long  period  of  time,  we  may  imitate 
the  conditions  which  take  place  in  the  erosion  and  transporta- 
tion of  muds  by  rivers  and  their  ultimate  deposit  in  the  sea. 

From  such  experiments  we  may  say  in  a  general  way,  that 
the  more  saline  the  suspending  water,  the  more  rapid  the  sedi- 
nientation,  but  the  rapidity  of  preciptation  is  not  directly  pro- 
portionate to  the  quantity  of  salts  dissolved.  Reducing  the 
saltness  one-half  does  not  double  the  time  of  precipitation,  and 
the  precipitation  is  comparatively  rapid  until  the  solution  is 
very  weak  indeed.  With  some  clays  the  precipitation  is  as 
complete  in  thirty  minutes  in  sea  water  as  in  thirty  months  in 
distilled  water.  This  completeness  of  precipitation  refers  to 
the  actual  clearing  of  the  liquid,  and  not  the  rate  of  deposition 
of  the  first  and  heavier  portions. 

The  experiments  are  more  striking  if  conducted  with  acids, 
they  acting  with  greater  intensity  than  salts.  The  successive 
phenomena  are  similar  in  character,  and  differ  only  in  degree, 
the  later  changes  are  more  rapid  and  the  final  suspension  is 
more  striking.  For  example,  if  we  begin  with  a  strong  solu- 
tion of  sulphuric,  nitric  and  chlorhydric  acids  mixed,  and  fol- 
low through  repeated  dilutions  as  above  described,  the  floccu- 
lation  and  precipitation  of  the  suspended  material  is  almost 
equally  rapid  for  several  successive  dilutions,  and  the  layers 
or  strata  only  appear  in  the  suspensions  when  the  proportion 
of  free  acid  becomes  minute,  and  with  this  the  precipitation 
becomes  very  much  slower.  •  Finally  (and  this  point  is  reached 
somewhat  suddenly)  the  behavior  u  as  in  distilled  water.  Many 
strata  are  formed  of  the  suspended  matter,  the  settling  of  all 
of  them  is  very  much  slower  and  complete  clearing  of  the 
liquid  is  indefinitely  postponed.  In  fact,  this  stratification  and 
long  suspension  of  clays  is  best  seen  in  specimens  that  have 
thus  undergone  treatment  with  acids  or  salts,  and  then  washed 
with  distilled  water  through  successive  dilutions 

The  behavior  of  these  finer  suspensions  is  analogous  to  that 
of  a  colloid.  The  diffusion  through  water  is  like  that  of  a 
colloid,  and  when  the  finer  portions  are  evaporated  slowly  and 
at  low  temperatures,  they  are  at  first  very  bulky  and  colloidal 
in  appearance,  shrinking  enormously  on  drying  into  a  mass 
curiously  like  some  organic  colloida    If  the  clay  is  not  strictly 
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colloidal,  it  is  indeed  very  like  it,  and  its  behavior  toward 
water  very  similar. 

The  continuation  of  the  experiments  since,  the  preparation 
of  the  paper  cited,  confirms  the  conclusions  there  suggested, 
viz :  that  clays  probably  exist  as  a  series  of  hydrous  silicates, 
feebly  holding  different  proportions  of  water  in  combination  and 
having  different  properties,  so  far  as  theii'  behavior  to  water  is 
concerned.  That  some  of  them  swell  up  in  water  (much  as 
boiled  starch  does)  more  than  others  and  are  diffusible  in  it 
with  different  degrees  of  facility,  that  this  diffusion  is  in  part 
at  least,  analogous  to  that  of  colloids  in  water,  that  the  strata 
obflerved  in  the  suspension  represent  members  of  this  series  of 
chemical  compounds  which  hold  their  different  proportions  of 
combined  water  very  feebly  and  are  stable  under  a  very  limited 
range  of  conditions.  That  they  are  destroyed  or  changed  in 
the  presence  of  acids,  salts  and  various  other  compounds,  and 
that  they  are  stable  only  under  certain  conditions  of  tempera- 
ture, some  which  may  exist  at  one  temperature  being  changed 
to  others  or  destroyed  at  another  temperature. 

The  special  bearing  of  the  experiments  and  conclusions  on 
certain  geological  phenomena,  especially  the  transportation  of 
suspended  mud  and  the  formation  of  bars  and  deltas,  will  be 
considered  in  another  paper. 


Art.  IL — On  a  metfiod  of  illuslrating  the  formation  of  Diffraction 

Bands ;  by  S.  T.  MoRELAND. 

The  following  method  of  illustrating  the  formation  of  bright 
and  dark  bands  in  diffraction  phenomena  has  proved  very  sat- 
isfactory in  my  own  teach  ins:  and  I  give  it  with  ihe  hope  that 
others  may  find  it  useful.  The  method  is  shown  in  the  accom- 
^nying  figure,  which  hardly  needs  any  explanation.  A  and 
B  represent  two  luminous  points  from  which  start  two  disturb- 
ances having  the  same  phase  and  the  same  wave-length.  DF 
and  EH  are  two  pieces  of  thin  board,  one  side  of  each  having 
the  form  of  a  simple  harmonic  curve.  DA  and  EB  are  two 
wires  or  cords  of  the  same  length.  By  moving  the  two  pieces 
of  board  in  the  plane  of  the  paper  with  the  curved  edges  in 
contact  and  the  wires  always  tight  we  readily  find  one  series  of 
points  as  d  and  g  where  crests  coincide  with  crest's.  These  points 
correspond  to  bright  lines  in  diffraction.  We  also  find  another 
series  of  points,  one  between  each  two  of  those  just  mentioned 
as/,  where  crests  coincide  with  troughs,  and  hence  correspond 
to  dark  bands.  The  following  are  some  of  the  laws  of  diffrac- 
tion phenomena  that  may  be  proved,  or  at  least  illustrated,  by 
this  piece  of  apparatus : — 
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1.  Tlifl  distance  between  the  bands  increases  aa  the  distance 
AB  dimiBisfaes.  This  is  shown  by  simply  varying  the  distance 
AB. 

S.  Other  things  being  the  same,  the  distance  between  the 
hands  is  greaser  the  greater  the  wave-length  of  the  light  em- 
ployeil.  Tills  may  be  shown  by  having  another  pair  of  pieces 
reitresenting  a  different  wave-lenglh.  We  may  also  infer  the 
eflect  of  using  while  ligbL 
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^.rfi;©,^Tt*  SI**  nf  ^>«:iii  it;  a  Ka=:ivi-  orf  tw>k&  Xor  have  I 
TViTwt-  cti  iW  'isi-SMk^as  ina  •  j*ne>£T»e,'**  i«  ut«  method  of 
^^ . ajsrsi.".-*!^     r&iSf  «-U  !>f*.s;;»  iwi?  s-.*  aay  owe  ssiog  it     So 

V  -fTrw«fits  M.  Ti-iL-ri ',  "s?  awM  >*  tJLt«:  J.v  Mw  JaA  one  by 
■ffitt*.  rjc  ,-o.>  a  s  \cu  «iancf  ~»  iJ-e  y«<vy*  x-c  tvAjicL 
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IIL — On  a  System  of  Bock  notation  for  Geological 
diagrams ;  by  James  D.  Dana. 

o^ical  diagrams  it  is  often  desirable  that  the  kinds  of 
ila  be  indicated  as  well  as  their  position.  The  follow- 
xl  of  accomplishing  this  purpose  is  both  simple  and 
md  I  think  it  will  be  found  suited  to  general  adoption, 
ten  led  to  the  subject  by  the  necessity  of  preparing 
.grams  to  illustrate  an  account  of  my  recent  observa- 
the  stratigraphical  relations  of  the  Green  Mountain 

IS. 

3ting  the  symbols,  the  fact  that  a  sandstone  is  usually 
ed  by  a  dotted  surface  suggested  for  quartz  a  dot  ( *); 
ler  fact,  that  a  slate  or  shale  is  indicated  by  parallel 
ggested  the  use  not  only  of  such  lining  for  stale  or 

further  of  a  short  line  like  a  hyphen  (-)  for  mica ;  of 
line  three  times  as  long  ( — )  for  hydrous  mica  (damour- 

hydromica  or  sericite  schist  being  intermediate   in 
tween  a  slate  and  a  mica  schist, 
se  symbols,  I  add  a  cross  (-f )  for  orthoclase  feldspar; 

oblique  position  (X)  for  a  triclinic  feldspar  or  plagio- 
1  the  same  cross  with  a  line  at  bottom  for  a  basic  feld* 
esite,  labradorite  or  anorthite,  when  it  is  desirable  to 
!  the  distinction, 
ther  more  common  of  the  essential  constituents  in 

hornblende,  augite,  hypersthene,  chrysolite  or  olivine, 
id  glass.  For  hornblende  an  n  is  used ;  for  augite,  u; 
sthene  when  a  predominant  constituent,  y ;  for  olivine, 
icite,  /;  for  glass,  a 

:inguish  thin  schistose  structure  or  slaty  bedding,  a 
lerted  between  the  lines  of  symbols;  for  thick  schistose, 
e,  a  rule  is  inserted  at  intervals  of  2  to  4  lines  of 
;  and  for  massive  structure  where  bedding  is  recog- 
i  rule  at  intervals  of  6  or  mpre  lines  of  symbols  or 
ulea 

3mpt  is  made  to  distinguish  varieties  of  the  different 
)endent  on  accessory  ingredients,  as  this  would  make 
n  cumbrous  and  impracticable.  The  following  figures 
the  method : 
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I.  Rocks  whose  essential  constituents  are  quartz,  mica,  orttiock 

singly  or  in  combination. 


■■••••••••••••■•••••••••••••« 

••••••••••••■••a* ••••■•■••••« 


1.  Massive   quaitzyte  (or    quart zose   sand 
stone). 

l:^?::c>>^S^:;>S       2.  Conglomerate. 

3.  Thin-bedded  quartzyte  (or  sandstone). 

4.  Micaceous  quartzyte. 


'••%^  •■■•^  ••■%« 


•••■^  ••••^ « 


K!!t!St:r.r.:^t!^  ^-  Feldspathic  quartzyte. 

=  6.  Phyllyte  (argillyte). 

■  • 

— :i::i::i::^H=^  7.  Hydromica  schist. 


8.  Quartzytic     or     arenaceous     hydromic: 

schist. 

9.  Very  quartzytic  hydromica  schist. 


10.  Mica  schist  (with  little  or  no  feldspar). 

11.  Quartzytic  or  arenaceous  Mica  schist. 
::::::::::::::::^^^ .  12.  Very  quartzytic  Mica  schist. 

riU;!--!;;!-'?^     1 3.  Gneiss,  thin-bedded. 

rriirnnnmiiii 


'   ^•••^•f«w««a 


:t;z::r;£r:;  =  tT:::       14.    GneiSS,  tllick-bcdded. 

::r::;-:;  =  :rr:t:tt  ' 

:::r::z:t -;::;{  =  :  J 


;:r;:!;:i;:!;:t::i      16.    Granite. 


♦  .-    «...   4,-    ►»• 


Eiriiili;!!::!:::!:!     16.  Granulite  (mica-less  granite). 


:n^::::j::::::t::     17.  Felsyte. 


I]^::;:::r.:n:^;:     18.  Quartz-felsyte. 


20.  Quartz-trachyte :    same  as  19,  with  the  addition  of  th< 

for  quartz. 

21.  Gneissoid  mica  schist:  same  as  13  with  the  addition 

rule  beneath  each  line  of  symbols. 
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IL  Harnblendic  rocks,  containing  hornblende  alone^  or  with  quartz 

or  orthoclase^  or  with  both. 


t:::::::::;:::: 


[ 


\ 


»•»«»•♦*  «-*ik<k**m 


k»«*' 


1.  Syenyte. 

2.  Qaartz-syenyte. 

3.  Hornblende  echist. 

4.  Hornblende  schist  with  little  or  no  ortlio- 


5.  Hornblendyte  witboat  bedding :   the  symbol  n  without  al- 

ternate rules. 

6.  Syenyte  or  hornblende  gneiss:  same  as  2,  with  a  rule  at. 

intervals  of  2  to  4  lines  of  symbols. 


m.  Rocks  containing  a  triclinic  feldspar  {plagioclase)    witlt 

hornblende^  augite,  hypersthene. 


ii:::::::::;H      ^-  I^*oryte. 

■"--* '^       2.  Dioryte  schist. 


■  •-•■  -■*  —  •■  — ••  — . 
,..«..«>.M--a  •>.«—. 


>>>«xa«a>  «v*«i>a 


I*  £  •  <  »»  ^a  oX  «»» 


3.  Quartz-dioryte. 

4.  Hemidioryte    (mica-dioryte)    containing 

quartz. 

5.  Labradioryte  (labradorite  dioryte),  anor- 

thite-dioryte 

6.  Andesyte. 

7.  Augite-dioryte. 

8.  Doleryte,  diabase,  gabbro. 


9.  Hemidioryte  without  quartz  (mica-dioryte) :  like  4  with  ther 
dot  omitted. 

10.  Aagite-andesite :  like  6  with  u  in  place  of  n. 

11.  Noryte:   like  7  with  y  in  place  of  w. 

12.  Dacyte:   like  4  with  the  symbol  for  glass  added. 

13.  Basalt :  like  8  with  the  symbol  for  glass  added. 
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The  ooaraely  crystallized  gabbro,  common  in  Archsan 
ffiona,  might  be  distingaished  id  symbol  from  doleryte  or  dia- 
base by  making  the  symbol  for  ihe  basic  feldspar  of  laree  size  in 
proportion  to  the  other  letter.     The  typical  eaphotide  of  the 
Alps,  etc.,  representing  one  section  of  gabbro,  is  a  different  rock 
in  constitntion  in  not  containing  a  feldspar  as  a  characteristic  I 
constitoent,  and  should  have  a  different  symbol.     Farther,  the  g 
symbol  for  an  acidic  plagiocUise  might  be  made  distinct  from  that   ': 
for  plagioclase  in  general  by  adding  a  yertical  line  between 
the  two  upper  bars  of  the  cross. 


IV.   CalcareouM  rocks. 
jz.-^-L-^^rr^       J    Limestone. 


'  ri      2.  Qaartzytic  or  arenaceous  limestone. 


.    ■    r— * — '— ' — r 


3.  Argillaceous  limestone :  like  2,  with  a  line  in  place  of  the 
dots. 

The  above  are  examples  of  the  proposed  system  of  symbols. 
For  rocks  not  included  above,  other  symbols  in  accordance  with 
the  system  may  readily  be  devised,  where  the  science  requires 
them. 


Art.  IV. — The  Crystalline  Rocks  of  the  Scottish  Highlands;  by 

Archibald  Geikie. 

Ever  since  the  discovery  of  Silurian  fossils  in  the  rocks  of 
Northwest   Sutherland,  it  has  been   recognized    that   in    that 
region  lies  the  key  to  the  structure  of  the  Scottish  Highlands. 
Accordingly,  when  in  the  progress  of  the  Geological  Survey, 
the  mapping  of  the  Highlands  had  to  be  underiaken,  I  deter- 
termined  that  a  detailed  survey  of  the  Sutherland  ground  on 
the  scale  of  six  inches  to  the  mile  should  be  made  as  a  basis 
for  the  work.     In  the  summer  of  last  year  a  surveying  party 
under  the  charge  of  Mr.  B.  N.  Peach  was  stationed  there,  with 
instructions  to  begin  by  mapping  the   Durness  Basin.     Thia 
duty   was  satisfactorily  accomplished   before  the  end   of  the 
season.     The  Silurian  series  of  Durness  was  ascertained  to  be 
about  2,000  feet  thick,  and  to  consist  of  numerous  successive 
iBones,  which  were  traced  on  the  six-inch  maps  and  discrimin- 
ated in  such  a  way  as  to  be  recognizable  should  they  be  found  to 
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leenr  in  the  more  complicated  region  to  the  east.  With  this  neces- 
Ary  groaodwork  well  established,  the  Eriboll  tract  was  attacked 
^is  summer  by  Messrs.  Peach  and  Home.  I  had  never  myself 
^  an  opportunity  of  studying  the  Eriboll  sections,  which, 
From  the  aays  of  Macculloch  down  to  the  present  time,  have 
been  such  a  fruitful  subject  ^of  discussion.  It  was  a  special 
injunction  to  the  officers  now  intrusted  with  the  detailed  survey 
of  the  region  to  divest  themselves  of  any  prepossessions  in 
iavor  of  published  views  and  to  map  the  actual  facts  in  entire 
disr^ard  of  theory.  By  the  close  of  this  last  season  the  struc- 
tore  of  the  Eriboll  area  had  likewise  been  traced  upon  the  six- 
inch  maps,  and  I  then  went  north  to  inspect  the  work.  From 
time  to  time  during  the  summer,  reports  had  been  made  to  me 
of  the  progress  of  the  survey,  but,  though  from  the  published 
descriptions  of  the  tract,  I  was  aware  that  its  structure  must  be 
singularly  complicated,  and  although  apprised  of  the  conclu- 
sions to  which  the  surveyors,  step  by  step  and  almost  against 
their  will,  had  been  driven,  I  was  hardly  prepared,  for  the 
extraordinary  geological  structure  which  the  ground  itself  pre- 
sented, or  for  the  great  change  necessitated  in  the  interpretation 
of  the  sections  as  given  by  Murchison. 

No  one  cursorily  visiting  the  ground  could  form  any  notion 
of  its  extraordinary  complication,  which  could  only  be  satisfac- 
torily unravelled  by  patient  detailed  mapping  such  as  had  never 
vet  been  bestowed  upon  it.  With  every  desire  to  follow  the 
interpretation  of  my  late  chief,  I  criticised  minutely  each  detail 
of  the  work  upon  the  ground;  but  I  found  the  evidence  alto- 
gether overwhelming  against  the  upward  succession  which 
Murchison  believed  to  exist  in  Eriboll  from  the  base  of  the 
Silurian  strata  into  an  upper  conformable  series  of  schists  and 
gneii*ses.  The  nature  of  this  evidence  will  be  best  understood 
from  the  subjoined  report,  which,  at  my  request,  Messrs.  Peach 
and  Home  have  prepared.  As  the  question  of  the  succession 
of  the  rocks  in  the  Northwest  Highlands  is  still  under  discussion, 
I  think  it  right  to  take  the  earliest  opportunity  of  making  this 
public  declaration.  It  would  require  more  space  than  can  be 
giren  in  these  pages  to  do  justice  to  the  views  of  those 
geologists,  from  Nicol  downward,  by  whom  Murchison's  sec- 
tions have  been  criticised,  and  to  show  how  far  the  conclusions 
to  which  the  Geological  Survey  has  been  led,  have  been  antici- 
pated. When  the  official  memoirs  are  published,  full  reference 
will  be  given  to  the  work  of  previous  observers,  to  which,  there- 
fore, no  further  allusion  is  made  at  present. 

The  most  remarkable  features  in  the  Eriboll  area  are  the 
prodigious  terrestrial  displacements,  to  which  there  is  certainly 
no  parallel  in  Britain.  Beginning  with  gentle  foldings  of  the 
rocks,  we  trace  these  becoming  increasingly  sleeper  on  their 
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western  fronts,  until  they  are  disrupted  and  the  eastern  limb  is 
pushed  westward.  By  a  system  of  reversed  faults,  a  group  of 
strata  is  made  to  cover  a  great  breadth  of  ground  and  actually  1 
to  overlie  higher  members  of  the  same  series.  The  most  extra> 
ordinary  dislocations,  however,  are  those  to  which  for  distinc- 
tion we  have  given  the  name  of  Thrust-planes.  They  are 
strictly  reversed  faults,  but  with  so  low  a  hade  that  the  rocka^ 
on  their  up-throw  side  have  been,  as  it  were,  pushed  horizon, 
tally  forward.  The  distance  to  which  this  horizontal  displace- 
ment has  reached,  is  almost  incredible.  In  Durness,  for  ex- 
ample, the  overlying  schists  have  certainly  been  thrust  west* 
ward  across  all  tlie  other  rocks  for  at  least  ten  miles.  In  fact, 
these  thrust- planes,  but  for  the  clear  evidence  of  such  sections 
as  those  of  Loch  Eriboll,  could  not  be  distinguished  from 
ordinary  stratification -planes,  like  which  they  have  been  pli* 
cated,  faulted,  and  denuded.  Here  and  there,  as  a  result  of 
denudation,  a  portion  of  one  of  them  appears  capping  a  hill- 
top. One  almost  refuses  to  believe  that  the  little  outlier  on  the 
summit  does  not  lie  normally  on  the  rocks  below  it,  but  on  a 
nearly  horizontJil  fault  by  which  it  has  been  moved  into  its 
place.  Masses  of  the  Archaean  gneiss  have  thus  been  thrust 
up  through  the  younger  rocks  and  pushed  far  over  their  edges. 
When  a  geologist  finds  vertical  beds  of  gneiss  overlying  gently 
inclined  sheets  of  fossiliferous  qunrtzite,  shale  and  limestone, 
he  may  be  excused  if  he  begins  to  wonder  whether  he  himself 
is  not  really  standing  on  his  head. 

The  general  trend  of  all  these  foldings  and  ruptures  is  from 
north-northeast    to   south  south  west,  and   the  steep  westward 
fronts  of  the  folds  show  that  the  terrestrial  movement  came  from 
east-southeast.     Corroborative  evidence  that  this  was  the  direc- 
tion of  the  movement  is  furnished  by  a  series  of  remarkable  in- 
ternal rearrangements  that  have  been  superinduced  upon  the 
rocks.     Throughout  the  whole  region,  in  almost  every  mass  of 
rock,  altogether  irrespective  of  its  lithological  characters  and  its 
structure,  striated  planes  may  be  noticed  which  are  approxi- 
mately parallel  with  the  thrust- planes,  and  are  covered  with  a 
fine  parallel  lineation,  running   in  a  west-northwest  and  east- 
southeast  direction.     These   surfaces  have  evidently  been  pro- 
duced by  shearing.     Again,  many  of  the  rocks  near  the  thrust- 
f)lanes,  and  for  a  long  way  above  them,  are  marked  by  a  pecu- 
iar  streaked  structure  which  reminds  one  of  the  fluxion-lines  of 
an  eruptive  rock.     The  coarse  pegmatites  in  the  gneiss,  for  ex- 
ample, as  they  come  within  the  influence  of  the  shearing,  have 
had  their  flesh-colored  feldspar  and  milky-quartz  crushed  and 
drawn  out  into  fine  parallel  laminae  till   they  assume  the  aspect 
of  a  rhyolite  in  which  fluxion-structure  has  been  exceptionally 
well  developed.     The  gneiss  itself  coming  into  the  same  power- 
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al  mill  has  acquired  a  new  schistosity  parallel  with  the  shearing- 
planes.  Hornblende-rock  has  been  converted  into  hornblende- 
fihist  Moreover,  new  minerals  have  likewise  made  their 
ippearance  along  the  new  divisional  planes,  and  in  many  cases 
;heir  longer  axes  are  ranged  in  the  same  dominant  direction 
[rem  east-southeast  to  west  northwest 

Murchison  believed  that  the  Silurian  quartzites  and  lime- 
stones of  Eriboll  pass  up  under,  and  are  conformably  overlain 
by,  his  upper  gneisa  It  is  quite  true  that  they  are  so  overlain ; 
but  the  overlying  rocks,  instead  of  having  been  regularly 
deposited  on  them,  have  been  pushed  over  them.  What,  then, 
are  these  overlying  rocks  ?  Though  they  have  undergone  such 
intense  alteration  during  the  process  by  which  they  were  moved 
into  their  present  position  that  their  original  characters  have 
been  in  great  measure  effaced,  lenticular  bands  occur  in  them 
which  can  certainly  be  recognized.  Some  of  these  bands  are 
anquestionably  parts  of  the  Archssan  gneiss ;  others  are  Silurian 

Juartzite,  and  in  one  case  we  can  detect  a  large  mass  of  the 
pper  Durness  limestone.  Traced  eastward,  however,  the 
crystalline  characters  become  more  and  more  pronounced  until 
we  cannot  tell,  at  least  from  examination  in  the  field,,  what  the 
rocks  may  originally  have  been.  They  are  now  fine  flaggy 
micaceous  gneisses  and  mica-schists,  which  certainly  could  not 
have  been  developed  out  of  any  such  Archaean  gneiss  as  is  now 
visible  to  the  west.  Whether  they  consist  in  part  of  higher 
members  of  the  Silurian  series  in  a  metamorphic  condition  re- 
mains to  be  seen.  The  occurrence  of  a  band  of  crystalline 
limestone  and  calcareous  schist,  which  has  been  traced  for  many 
miles  above  the  great  thrust-plane,  certainly  suggests  that  it 
represents  the  upper  part  of  the  calcareous  Durness  series 
attenuated  and  altered  by  the  intense  shearing  which  all  the 
rocks  have  undergone.  This  much  at  least  is  certain,  that  the 
schistose  series  above  the  thrust-plane  is  partly  made  up  of 
Silarian  strata,  and  has  received  its  present  dip  and  foliation 
since  Silurian  time. 

Having  satisfied  myself  that  Murchison's  explanation  of  the 
order  of  sequence  could  not  be  established  in  Eriboll,  I  was 
desirous  to  see  again,  in  the  new  light  now  obtained,  some  of 
the  Ra'^s-shire  sections  for  the  description  of  which  I  am 
responsible.  Had  these  sections  been  planned  for  the  purpose 
of  deception  they  could  not  have  been  more  skillfully  devised. 
The  parallelism  of  dip  and  strike  between  the  Silurian  strata 
and  the  overlying  schists  is  so  complete  as  to  prove  the  most 
intimate  relationship  between  them;  and* no  one  coming  first 
to  this  ground  would  suspect  that  what  appears  to  be  a  normal 
stratigraphical  sequence  is  not  really  so.  But  the  clear  coast- 
aections  of  Eribollj  where  every  dislocation  is  laid  bare,  have 
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now  taught  me  that  I  have  been  mistaken,  for  the  parallelism 
in  question  is  not  due  to  conformable  deposition.  The  same 
kind  of  evidence  of  upthrust  and  metamorphism  which  these 
coast-sections  reveal  can  be  traced  southward  for  a  distance  (^ 
more  than  ninety  miles.  The  task  of  unraveling  the  geolog- 
ical structure  of  these  southern  regions  will  be  much  facilitate 
by  the  remarkable  persistence  of  the  Sutherland  Silurian  zones^ 
some  of  which,  with  their  characteristic  features  and  fossil.% 
are  as  well  marked  above  Loch  Carron  as  they  are  at  Loch 
Eriboll. 

In  southwestern  Ross-shire  the  platform  on  which  the  Silu- 
rian rocks  rest  is  a  thick  mass  of  Cambrian  red  sandstone.  Id 
the  great  upthrow,  it  is  this  sandstone  platform  which  has  there 
been  pushed  over  the  limestones  and  quartzites.  On  the  west 
side  of  Loch  Keeshorn,  the  red  sandstones,  in  their  normal 
unaltered  form,  rise  up  into  the  colossal  pyramids  of  Apple- 
cross  ;  but  on  the  east  side,  where,  at  a  distance  of  little  more 
than  a  mile,  they  overlie  the  limestones,  they  bear  so  indurated 
an  aspect  that  they  have  naturally  been  classed  with  the 
quartzose  members  of  the  Silurian  series.  Traced  eastward 
they  present  increasing  evidence  of  intense  shearing  ;  fluxion- 
structure  makes  its  appearance  in  them,  with  a  development  of 
mica  along  the  divisional  planes,  until  they  pass  into  frilled 
micaceous  schist,  in  which,  however,  the  original  clastic  grains 
are  still  recognizable.  They  finally  shade  upward  into  greea 
schists  and  fine  gneiss  which  merge  into  coarse  gneiss  with 
pegmatite.  The  short  space  within  which  ordinary  red  feld- 
spathic  sandstone  and  arkose  acquire  the  characters  of  true 
schists  is  a  point  of  some  importance  in  regard  to  the  change 
from  the  unaltered  Silurian  strata  of  the  Southern  Uplands 
into  the  metamorphic  condition  of  the  Highland  phyllites, 
grits,  etc. 

Obviously  the  question  of  chief  importance  in  connection 
with  the  structure  now  ascertained  to  characterize  the  North- 
West  Highlands  relates  to  metamorphism.  That  there  is  no 
longer  any  evidence  of  a  regular  conformable  passage  from 
fossiliferous  Silurian  quartzites,  shales  and  limestones  upward 
into  crystalline  schists,  which  were  supposed  to  be  metamor- 
phosed Silurian  sediments,  must  be  frankly  admitted.  But  in 
exchange  for  this  abandoned  belief,  we  are  presented  with 
startling  new  evidence  of  regional  metamorphism  on  a  colossal 
scale,  and  are  admitted  some  wa3'  into  the  secret  of  the  pro- 
cesses whereby  it  has  been  produced. 

From  the  remarkably  constant  relation  between  the  dip  of 
the  Silurian  strata  and  the  inclination  of  their  reversed  faults^ 
no  matter  into  what  various  positions  the  two  structures  may 
have  been  thrown,  it  is  tolerably  clear  that  these  dislocations 
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ook  place  before  the  strata  had  been  seriously  disturbed.     The 
persistent    parallelism   of    the   faults   and   of   the   prevailing 
Aonbeasterly  strike  of   the  rocks  indicates  that  the  faulting 
and  tilting  were  parts  of  one  continuous  process.     The  same 
dominant  northeasterly  strike  extends  across  the  whole  High- 
lands, and    also  over   the  Silurian  tracts  of  Southern  Scot- 
land and  the  north  of  England.     There  is  reason  to  regard 
it  in  all   these   regions  as  probably  due    to  one  great  series 
of  terrestrial    movements.     These  must  have  occurred  some 
time  between  an  early  part  of  the  Silurian   period  and  that 
portion   of    the   Old   Bed   Sandstone   period    represented  by 
the  breccias  and    conglomerates   of   the   Highlands.     In    the 
Central   and    Eastern   Highlands  the   slates,    phyllites,   grits, 
quartzites,  and  limestones  which,  along  the  southern  border, 
are  scarcely    more   altered    than    their    probable    equivalents 
among   the   Silurian    rocks   of   the   Southern   Uplands,   have 
been  greatly  plicated,  and  have  assumed  a  more  or  less  crys- 
talline  structure.      But    when  these   changes    were    brought 
about,  there  lay  to  the  northwest  a  solid  ridge  of  Archaean 
gneiss  and  Cambrian  sandstone  which  offered  strong  resistance 
to  the  plication.     The  thrust  from  the  eastward  against  this 
ridge  must  have  been  of  the  most  gigantic  kind,  for  huge  slices, 
handreds  of  feet  in  thickness,  were  shorn  off  from  the  quartz- 
ites, limestones,  red  sandstones,  and  gneiss,  and  were  pushed 
for  miles  to  the  westward.     During  this  process,  all  the  rocks 
driven  forward  by  it  had  their  original  structure  more  or  less 
completely  effacea.     New  planes,  generally   parallel   with  the 
surfaces  of  movement,  were  developed  in  them,  and  along  these 
new  planes  a  rearrangement  and  recr3'stallization  of  mineral 
constituents  took  place,  resulting  in  the  production  of  crystal- 
line schists.     This  metamorphisra  certainly  occurred  after  earlv 
Silurian  times,  for  Cambrian  and  Lower  Silurian  strata,  as  well 
as  Archaean  rocks,  have  been  involved  in  it. 

It  is  obvious  that  into  the  problems  of  Highland  geology, 
always  admittedly  obscure,  a  fresh  element  of  difficulty  is  in- 
troduced. At  the  same  time  the  aid  furnished  by  a  minute 
study  of  the  Sutherland  sections  is  so  great  that  we  may  hope 
to  attack  these  problems  with  more  success  than  has  hitherto 
seemed  probable.  The  work,  too,  is  not  of  a  kind  to  be 
attempted  in  a  few  hasty  scampers  over  the  ground.  It  will 
require  patient,  detailed  mapping.  But  when  the  great  base- 
lines have  once  been  accurately  traced,  the  difficulties  will 
doubtless  begin  to  diminish,  and,  like  the  piece  of  a  puzzle,  the 
various  segments  of  the  Highlands  will  then  be  found  to  range 

themselves  in  their  proper  places. — From  Nature,  Nov.  13.* 

. 

*  For  extracts  from  the  report  of  Messrs.  Peach  and  HorDe,  and  a  strati^aph- 
ted  sactioo  of  the  fault  region,  see  beyond. 
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Art.  V. —  Observations  upon  the  Qreat  FauH  in  the  vicinity  of 
Schodack  Landing^  Hensselaer  County,  N.  Y,  ;  by  S.  W.  FoBD. 

In  an  earlier  paper  by  the  writer,' upon  the  age  of  the  rocb 
in  the  vicinity  of  Schodack  Landing  (this  Journal  for  Sep- 
tember, iyft4),  the  exact  course  of  the  great  fault  referred  to,  or, 
in  other  words,  the  precise  age  of  a  ledge  of  slaty  rocks  a  short 
distance  south  of  the  more  southerly  promontory  therein  de- 
scribed, was  left  in  some  uncertainty.  The  question  was  con- 
siderably complicated  by  the  failure,  in  the  first  instance,  to 
obtain  fossils  from  the  rocks  in  dispute,  and,  as  will  be  seen 
further  on,  by  the  extraordinary  position  of  the  adjacent  beds. 
I  have  recently  spent  several  days  in  a  careful  study  of  the  vexed 
locality,  and  in  further  examinations  of  the  rocks  of  the 
neighborhood ;  and  the  additional  facts  obtained  form  the  sub* 
ject-raatter  of  the  present  article. 

It  is  not  often  that  one  is  permitted  to  observe  the  plates  or 
schists  of  the  early  Cambrian  overlying  in  apparent  conformity 
those  at  the  summit  of  the  Lower  Silurian,  and  yet  such  is  the 
case  in  the  locality  which  I  am  about  to  describe.*  Along  the 
western  bases  of  Snake  and  Buck  mountains  in  Vermont,  and 
also  in  the  hills  east  of  Troy  and  Lansingburgh,  New  York, 
the  evidences  of  a  great  fracture  resulting  in  practically  the 
same  phenomena  as  those  hereinafter  mentioned  are  very 
conclusive;  but  in  none  of  the  localities  cited  has  the  actual 
contact  of  the  older  and  newer  groups  been  observed.  In  order 
to  render  the  subject  clearer  to  those  who  may  be  unacquainted 
with  the  region,  I  have  introduced  the  annexed  sketch-map, 
the  geologically  characterized  portion  of  which  represents  a 
tract  about  three  miles  in  length,  with  an  average  breadth 
of  three-quarters  of  a  mile.  It  lies,  as  will  be  noted,  partly 
in  Rensselaer  and  partly  in  Columbia  county,  along  the  eastern 
shore  of  the  Hudson  River. 

The  dotted  area  of  the  map  represents  that  portion  of  the 
district  occupied  by  the  Lorraine  Shales  (=  Hudson  Rivei 
Group),f  and  the  particular  portions  of  it,  A,  A',  the  two  prom 

♦  Judging  from  the  life-history  of  the  Trilobite  Olenellus  ctsaphoides^   as  a 
present  known,  1  should  infer  that  the  Troy  and  Stuyvesant  Primordial  beds  ar 
somewhat  more  recent  than  the  Georgia  slates ;  but  there  is  not,  to-day,  so  far  a 
I  am  aware,  any  evidence  that  would  warrant  their  separation  from  them  as 
distinct  group,  or  their  assignment  to  an  independent  geological  horizon. 

f  I  have  rejected  the  designation  "  Hudson  River  Group,"  for  the  reasons  (1 
that  the  rocks  of  this  group  constitute,  in  all  probability,  but  a  small  proportio 
of  the  terranes  east  of  the  Hudsou  river  to  which  the  name  was  originally  an 
especially  applied ;  (2)  that  the  term,  as  a  geographical  one,  has'come  to  be  mil 
leading,  a8»WLll  be  seen  by  the  map  of  the  Schodack  region;  and  (3)  that  it  ha 
been  the  source  of  nearly  or  quite  as  much  trouble  in  American  geology  as  it 
term  Taconic.     The  old  synonym,  "Lorraine,"  stands  for  a  well-charaoterize 
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:ribed  in  my  former  article.  The  rocks  inolude 
ilales  both  fossitiferous  and  untossiliferous;  thick, 
,  one  oi  which  has  afforded  Dumeroua  specimeoB  of 
inana  and  Lepbena  sericea ;  and  one  or  more  beds 
Each  of  the  promontories  referred  to  contaioa  a 
'3  rich  in  graptolitesi,  the  beat  locality  yet  discovered 
promontory  A,  along  the  line  of  the  Hudson  Rivar 
ew  yards  souili  of  the  flag-atation  at  that  point, 
his  band  has  yielded  fifteen  species  of  graptolites, 
hich  are  well-known  forms,  and  include  (?.  serrO' 
arii-at'is  ^aA  G.  Whilfieldi  It  has  also  furnished 
mens  of  a  small  Lingnla,  and  an  acephalous  species 
■ntical  with  the  Lyr(kesma  pulchella  of  Hall  (Pal.  N. 
302,  pi.  ^2,  fig.  12).  All  of  the  beds  have  been 
ed  and  broken  up,  but  their  prevailiDg  dip  is  east- 
I  angles. 
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■nsion  southward  into  Columbia  county,  the  visible 
lorraine  becomes  somewhat  contracted,  and  bears 
5  westward  ;  and  directly  in  front  of  Mr.  Patrick 
^idence  (M),  it  is  completely  cut  oS'  by  a  narrow 
..     Fifty  yards  south  of  Mr.  McCabe's,  however,  a 

similsr  rouks  is  met  with,  having  a  width  at  the 
remity  of  a  few  rods,  and  a  run  to  the  southward 
indred  feet.     The  strike  of  the  beils  is  a  little  east 

precise  angle  not  determined.  The  slates  of  this 
'e  yielded  the  mnjonty  of  the  species  of  grapto- 
1  those  of  the  promontories  A  and  A',  and  hence 
y  to  the  same  formation.  At  the  date  of  publica- 
jrmer  paper  they  had  not  been  found  fassiliferous. 
southeast,  the  rocks  of  the  ledge  just  described  are 

succeeded  by  a  widely  different  group  of  strata, 

which  prove  that  uhey  belong  to  the  Primordial 

>n  coimty,  and  has  ttie  advaouge,  in  iUi  application  to  rocks  of  t'ls 
'  ttiB  HQdEwn  Tieor,  of  leaving  the  other  formutiooa  which  there 
iiiat-d  ;  and  for  these  reaeona,  and  these  alone,  1  have  been  led  lo 

n.— Tried  SkbiW.  Vol.  XXIX,  No.  IflB.— Jan.,  1885. 
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zone.  This  group  is  represented  upon  the  map  by  the  ob- 
liquely lined  area.  A  brief  description  of  these  older  rocks,  by 
the  writer,  is  contained  in  the  July  number  of  this  Journal,  for 
1884,  and  since  that  time  I  have  been  able  to  increase  but  little 
the  already  published  list  of  species  found  in  them.  Some 
distance  south  of  the  most  southerly  reach  of  the  Lorraine, 
the  Primodial  strata  begin  to  run  inland;  and,  continuing 
this,  finally  sweep  past  the  point  c  in  a  broad,  northeasterly- 
bearing  curve.  In  one  favored  locality,  the  lower  slates  of  this 
group  are  found  reposing  fairly  upon  those  of  the  Lo.rraine; 
and  upon  the  phenomena  presented  at  this  point,  I  propose 
now  to  speak. 

The  locality  referred  to  is  situated  nearly  due  south  of  Mr. 
McCabe's  residence,  and,  by  pacing,  210  yards  distant  from  it 
It  may  be  easily  found  by  going  directly  across  the  low  ground 
in  front  of  the  house  to  the  ledge  c,  and  then  taking  the  by- 
road southward  along  the  edge  of  the  hill.  This  road  is  only  a 
few  rods  distant  from  the  Hudson  River  railroad  track.  A 
small  spring  issues  from  the  slates  directly  on  the  line  of  con- 
tact of  the  two  groups ;  and  although,  at  first  sight,  the  older 
slates  appear  to  conform  perfectly  with  the  newer,  a  closer  ex- 
amination shows  that  their  cut  edges,  owing  to  the  curve  of  the 
beds,  really  make  a  small  angle  with  them.  Moreover,  the 
slates  of  the  two  groups  are  lithologicallv  different,  those  of 
the  Lorraine  being,  for  the  most  part,  black:  and  carbonaceous, 
and  some  of  them  graptolitic  up  to  within  a  few  inches  of  the  line 
of  the  overlap  ;  while  those  or  the  Primordial  are  unctuous  and 
highly  micaceous,  or,  as  Professor  Dana  informs  me,  may  be 
true  hydromica  schists.  There  can  be  no  doubt  of  the  existence 
here  of  a  great  physical  break,  the  course  of  which  is  indicated 
upon  the  map,  by  the  continuous  line  bounding  the  Primor- 
dial area  upon  its  western  side. 

In  order  to  make  the  leading  structural  features  of  the  region 
under  consideration  still  better  understood,  I  give  below  two- 
sections,  one  of  them  along  the  line  a  a  of  the  map  and  the 
other  along  the  line  h  b.     In  the  first  of  these  (fig.  1),  the^'pre- 
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cise  position  of  the  fault  is  somewhat  uncertain,  but  the  known 
facts  strongly  suggest  that  its  indicated  position  is  a  close  ap- 
proximation to  the  truth.     This  section  passes  a  little  to  tW 
northeast  of  Mr.  Wood's  residence,  in  the  town^of  JStuy ves^ 
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n  front  of  which,  and  all  the  way  to  the  bottom  of  the 
e  which  it  faces,  the  Lorraine  beds  are  concealed  by  drift, 
opposite  slope  is  to  some  extent  similarly  mantlod  over; 
he  character  of  the  underlying  bed?  has  been  well  ascer- 
d. 

2. 


N.W. 


the  second  section  (fig.  2),  the  two  groups  are  shown  in 
ict  with  each  other,  and  the  fault  is  located  with  precision. 
>nd  this  the  section  does  not  appear  to  me  to  call  for  special 
nent.  On  tracing  the  Primordial  rocks  eastward  over  the 
try,  they  are  found  to  be  arranged  in  a  series  of  rather 
d  synclinal  folds  with  apparently  intervening  denuded 
jlinals.  I  have  not  yet  attempted  to  trace  out  the  course 
le  fault  in  its  more  eastward  extension, 
have  purposely  dwelt  at  some  length  upon  the  structure  of 
remarkable  region,  partly  because  of  the  great  interest 
h  it  possesses,  and  partly  because  of  the  efforts  that  have 

put  fortli  during  the  past  two  or  three  years,  to  banish 

geology  altogether  what  has,  I  believe,  with  good  reason 
denominated  ''The  Great  Appalachian  Fault."  These 
ts  have  been  grounded  mainly  upon  the  results  of  investi- 
>ns  conducted  upon  the  west  side  of  the  Hudson  river,  and 
ng  no  real  bearing  upbn  the  question.  One  writer,  in  par- 
ar,  whose  views  have  appeared  during  the  period  referred 
has  pronounced  the  Great  Appalachian  Fault  to  be  purely 
>thetical,  principally  upon  the  strength  of  field-worlc  done 
he  vicinity  of  Bondout;  and  a  disposition  seems  to  have 
ng  up  in  other  minds,  at  about  the  same  period,  to  advo- 

a  similar  view.  To  those  who  may  have  been  led,  either 
heir  own  investigations,  or  the  researches  of  others,  to  so 
rd  the  matter,  the  region  herein  described  is  respectfully 
mmended,  as  one  well  calculated  to  conduct  to  the  opposite 
elusion. 

kihodack  Landing,  N.  Y.,  Oct.  30th,  1884. 

(r.  W.  M.  Davis,   on   'The   Non-couformity   at   Rondout,   N.  Y."      This 
tal  fqr  November,  1883. 
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Art.  VI. —  Oi)  the  Cause  of  Mild  Polar  Climates  ;  by 
James  Croll,  LL.D.,  F.R.S.* 

There  are  few  facts  within  the  domain  of  geology  better 
established  than  that  at  frequent  periods  in  the  past  tne  polar 
regions  enjoyed  a  comparatively  mild  and  equable  climate,  and 
that  places  now  buried  under  permanent  snow  and  ice  were 
then  covered  with  a  rich  and  luxuriant  vegetation.  Various 
theories  have  been  advanced  to  account  for  this  remarkable 
state  of  things,  such  as  a  diflerent  distribution  of  sea  and  land, 
a  change  in  the  obliquity  of  the  ecliptic,  a  displacement  in  the 
position  of  the  earth's  axis  of  rotation,  and  so  forth.  The  true 
explanation  will,  I  feel  persuaded,  be  found  to  be  the  one  I 
gave  many  years  ago.  The  steps  by  which  the  results  were 
readied  were  as  follows : 

The  annual  quantity  of  heat  received  from  the  sun  at  the 
equator  is  to  that  at  the  poles  as  12  to  4*98,  or,  say  as  12  to  6. 
This  on  the  supposition  that  the  same  percentage  of  rays  is 
cut  off  by  the  atmosphere  ai  the  equator  as  at  the  poles,  whicb, 
of  course,  is  not  the  case.  More  is  cut  off  at  the  poles  than 
at  the  equator,  and  consequently  the  difference  in  the  amount 
of  heat  received  at  the  two  places  is  actually  greater  than  that 
indicated  by  the  ratio  12  to  5.  But,  assuming  12  to  5  to  be 
the  ratio,  the  question  arose  what  ought  to  be  the  difference 
of  temperature  between  the  two  places  in  question  on  the  sup- 
position that  the  temperature  was  due  solely  to  the  direct  heat 
received  from  the  sun?  This  was  a  question  difficult  to 
answer,  for  its  answer  mainly  depended  upon  two  things, 
regarding  both  of  which  a  very  considerable  amount  of  un- 
certainty prevailed. 

First,  it  was  necessary  to  know  how  much  of  the  total 
amount  of  heat  received  by  the  earth  was  derived  from  the  sun 
and  how  much  from  the  stars  and  other  sources,  or  in  other 
words,  from  space.  Absolute  zero  is  considered  to  be  461* 
below  zero,  Fahr.  The  temperature  of  the  equator  is  about  80*. 
This  gives  641°  as  the  absolute  temperature  of  the  equator. 
Now  were  all  the  heat  received  by  the  earth  derived  simply 
from  the  sun,  and  were  the  temperature  of  each  place  propor- 
tionate to  the  amount  directly  received,  then  the  absolute  tem- 
perature of  the  poles  would  be  y*tj  of  that  of  the  equator,  or 
225°.  This  would  give  a  difference  of  316°  between  the  tem- 
perature of  the  equator  and  that  of  the  poles.  According  to 
Pouillet  and  Herschel  space  has  a  temperature  of  —239°,  or 
222°  of  absolute  temperature.  If  this  be  the  temperature  of* 
space,  then  only  319*^  of  the  absolute  temperature  of  the  equa- 
tor are  derived  from  the  sun  ;  consequently  as  the  poles  receive 

*  From  the  Phil.  Mag.  for  October,  1884. 
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from  the  sun  ooly  ^  of  this  amount  of  temperature,  or  133**, 
this  will  give  merely  186°  as  the  difference  which  ought  to 
exist  between  the  equator  and  the  poles.  There  is,  however, 
good  reason  for  believing  that  the  temperature  of  space  is  far 
less  tban  that  assigned  by  Pouillet  and  Herschel — that,  in  fact, 
it  is  probably  not  far  above  absolute  zero.  Therefore  by 
&<)opting  so  high  a  temperature  as  — 239°,  we  make  the  diflFer- 
enoe  between  the  temperature  of  the  equator  and  that  of  the 
poles  too  small. 

Second,  it  was  necessary  to  know  at  what  rate  the  tempera- 
tare  increased  or  decreased  with  a  given  increase  or  decrease 
in  the  amount  of  heat  received.      It  was  well   known   that 
Newton's  law — that  the  change  of  temperature  was   directly 
proportionate  to  the  change  in  the  quantity  of  heat  received — 
was  far  from  being  correct.     The  formula  of  Dulong  and  Petit 
was  found  to  give  results   pretty   accurate   within    ordinary 
limits  of  temperature.     But  it  would  not  have  done,  in  making 
my  estimate,  to  take  that  formula,  if  I  adopted  Herschers  esti- 
mate of  the  temperature  of  space;  for  it  would  have  made  the 
difference  of  temperature  between  the  equator  and  the  poles  by 
far  too  small.     Newton's  law,  if  we  adopt  Herschel's  estimate 
of  the  temperature  of  space,  would  give  results  much  nearer 
the  truth;  for* the  error  of  ihe  one  would,  to  a  large  extent  at 
leas^,  neutralize  that  of  the  other. 

From  such    uncertain  data  it  was,  of  course,  impossible  to 
arrive  at  results  which  could  in  any  way  be  regarded  as  accu- 
rate.   But  it  so  happens  that  perfect  accuracy  of  results  in  the 
present  case  was  not  essential.     All  that  really  was  required 
was  a  rough   estimate  of  what  the  difference  of  temperature 
between  the  equator  and  the  poles  ought  to  be.     The  method 
adopted  showed  pretty  clearly,  however,  that  the  difference  of 
temperature  could  not  be  less  (although  probably  more)  than 
200  .     But  the  present  actual   difference  does   not   probably 
exceed  80°.     We  have  no  means  of  ascertaining  with  certainty 
what  the  mean  annual  temperature  of  the  poles  is;  but  as  the 
temperature  of  latitude  80°  N.  is  4°*o,  that  of   the   poles   is 
probably  not  under  0^     If  the  present  difference  be  80°,  it  is 
tben  120°  less  than  it  would  be  did  the  temperature  of  each 
place  depend  alone  on  the  heat  received  directly  from  the  sun. 
This  great  reduction  from  about  200°  to  80°  can.  of  course,  be 
dae  to  no  other  cause  than  to  a  transference  of  heat  from  the 
equator  to  the  poles.     The  question  then  arose,  by  what  means 
was  this  transference  effected  ?     There  were  only  two  agencies 
available — the  transference  must  be  effected  either  by  aerial  or 
by  ocean  currents.     It  was  shown  at  considerable  length  (Cli- 
mate and  Time,  pp.  27-30,  and  other  places)  that  the  amount 
of  heat  that  can  be  conveyed  from  the  equator  to  the  poles  by 
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means  of  aerial  currents  is  trifling,  and  that,  conseqaently,  the 
transference  must  be  referred  to  the  currents  of  the  ocean.  It 
became  obvious  then  that  the  influence  of  ocean-currrents  in 
the  distribution  of  heat  over  the  globe  had  been  enormoosly 
under-estimated.  In  order  to  ascertain  with  greater  certainty 
that  such  had  been  the  case,  I  resolved  on  <leterminin2,  if  pos- 
sible, in  absolute  measure  the  amount  of  heat  actually  being 
conveyed  ft'om  the  equator  to  temperate  and  polar  regions  by 
means  of  ocean-currents. 

The  only  great  current  whose  volume  and  temperature  had 
been  ascertained  with  any  degree  of  certainty  was  the  Gulf- 
stream.  On  computing  the  absolute  amount  of  heat  conveyed 
by  that  stream,  it  was  found  to  be  more  than  equal  to  all  the 
heat  received  from  the  sun  within  32  miles  on  each  side  of  the 
equator.  The  amount  of  equatorial  heat  carried  into  temperate 
and  polar  regions  by  this  stream  alone  is  therefore  equal  to 
one-fourth  of  all  the  heat  received  from  the  sun  by  the  North 
Atlantic  from  the  tropic  of  Cancer  up  to  the  Arctic  Circle.* 
Although  the  heating  power  of  the  Gulf-stream  had  long  been 
known,  yet  no  one  had  imagined  that  the  warmth  of  our  cli- 
mate was  due,  to  such  an  enormous  extent,  to  the  heat  con- 
veyed by  that  stream.  The  amount  of  heat  received  by  an 
equatorial  zone  64  miles  in  breadth  represents,  be  it  observed, 
merely  the  amount  conveyed  by  one  current  alone.  There 
are  several  other  great  currents  some  of  which  convey  as  much 
heat  polewards  as  the  Gulf-stream.  On  taking  into  account 
the  influence  of  the  whole  system  of  oceanic  circulation,  it  was 
not  surprising  that  the  difference  of  temperature  between  the 
equator  and  the  poles  should  be  reduced  from  200°  to  80°. 

From  these  considerations,  the  real  cause  of  former  compar- 
atively mild  climates  in  Arctic  regions  became  now  apparent. 
All  that  was  necessary  to  confer  on,  say  Greenland,  a  condition 
of  climate  which  would  admit  of  the  growth  of  a  luxuriant 
vegetation  was  simply  an  increase  in  the  amount  of  heat  trans- 
ferred from  equatorial  to  Arctic  regions  by  means  of  ocean- 
currents.  And  to  effect  this  change  of  climate,  no  very  great 
amount  of  increase  was  really  required ;  for  it  was  shown  that 
the  severity  of  the  climate  of  that  region  was  about  as  much 
due  to  the  cooling  effect  of  the  permanent  snow  and  ice  as  to 
an  actual  want  of  heat.  An  increase  in  the  amount  of  warm 
water  entering  the  Arctic  Ocean,  just  sufficient  to  prevent  the 
formation  of  permanent  ice,  was  all  that  was  really  necessary  ; 
for  were  it  not  for  the  presence  of  ice  the  summers  of  Green- 
land would  be  as  warm  as  those  of  England. 

Were  the  whole  of  the   warm  water  of  the  Gulf-stream  at 
present   to   flow    into   the    Arctic   Ocean,    it    would    probably 

♦  Climate  and  Time,  pp.  34.  35 ;  Phil.  Mag.,  Febniary,  1870. 
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move  the  ice  of  Oreenland.  Any  physical  changes,  such  as 
lose  that  have  been  discassed  on  former  occasions,  which 
ould  greatly  increase  the  volame  and  temperature  of  the 
ream  and  deflect  more  of  its  waters  into  the  Arctic  Ocean 
ould,  there  is  little  doubt,  confer  on  the  polar  regions  a  cli- 
late  suitable  for  plant  and  animal  life.  At  present  the  Gulf- 
ream  bifurcates  in  mid-Atlantic,  one  branch  passing  north- 
islward  into  the  Arctic  regions,  whilst  the  larger  branch 
irns  southeastward  by  the  Azores,  and  after  passing  the 
laoaries  re-enters  the  equatorial  current.  As  the  Gulf-stream, 
ike  other  great  currents  of  the  ocean,  follows  almost  exactly 
he  path  of  the  prevailing  winds,^  it  bifurcates  in  mid- Atlantic 
imply  because  the  winds  blowing  over  it  bifurcate  also.  Any 
)hysical  change  which  would  prevent  this  bifurcation  of  the 
rinds  and  cause  them  to  blow  northeastward  would  probably 
impel  the  whole  of  the  Gulf-stream  waters  into  the  Arctic  seas. 
All  this  doubtless  might  quite  well  be  effected  without  any 
geographical  changes,  although  changes  in  the  physical  geog- 
raphy of  the  North  Atlantic  might  be  helpful. 

These  considerations  regarding  the  influence  of  the  Gulf- 
itream  point  to  another  result  of  an  opposite  character.  It  is 
his:  if  a  large  increase  in  the  volume  and  temperature  of  the 
tream  would  confer  on  Greenland  and  the  Arctic  regions  a 
ooditioQ  of  climate  somewhat  like  that  of  Northwestern 
iarope,  it  is  obvious,  as  has  been  shown  at  length  on  former 
mcasions,  that  a  large  decrease  in  its  temperature  and  volume 
rould,  on  the  other  hand,  lead  to  a  state  of  things  in  North- 
restem  Europe  approaching  to  that  which  now  prevails  in 
Greenland.  A  decrease  leads  to  a  glacial,  an  increase  to  an 
nter-glacial  condition  of  things. 

>Hr  William  T/iomson  on  Mild  Arctic  Climates. — In  a  paper 
read  before  the  Geological  Society  of  Glasgow  in  February, 
1877, Sir  William  maintains  also  thatan  increase  in  the  amount 
of  heat  conveyed  by  ocean  currents  to  the  Arctic  regions,  com- 
bined with  the  effect  of  Clouds,  Wind,  and  Aqueous  Vapor, 
i»  perfectly  sufficient  to  account  for  the  warm  and  temperate 
condition  of  climate  which  is  known  to  have  prevailed  in  those 
regions  during  former  epochs.  The  following  quotations  will 
show  Sir  William's  views  : — 

**  A  thousand  feet  of  depression  would  submerge  the  continents 
if  Earope,  Asia  and  America,  for  thousands  of  miles  from  their 
present  northern  coast-lines,  and  would  give  instead  of  the  present 
and-locked,  and  therefore  ice-bound  Arctic  sea,  an  open  iceless 
«ean,  with  only  a  number  of  small  steep  islands  to  obstruct  the 
ree  interchange  of  water  between  tiie  North  Pole  and  temperate 
r  tropical  regions.     That  the  Arctic  sea  would,  in  such  circum- 

*  See  '  Climate  and  Time,'  p.  213. 
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stances,  be  free  from  ice  quite  up  to  the  north  pole  may  be,  I  think^ 
securely  inferred  from  what,  in  the  present  condition  of  the  globe^ 
we  know  of  ice-bound  and  open  seas  in  the  northern  hemisphere 
and  of  the  southern  ocean  abounding  in  icebergs,  but  probably 
nowhere  ice-bound  up  to  the  very  coast  of  the  circum polar  Ant* 
arctic  continent,  except  in  more  or  less  land-locked  bays."  .... 
**  Suppose  now  the  nea,  unobstructed  by  laud  from  either  pole  to- 
temperate  or  tropical  regions,  to  be  iceless  at  any  time,  would  it 
continue  iceless  during  the  whole  of  the  sunless  polar  winter? 
Te«,  we  may  safely  answer.    Supposing  the  depth  of  the  sea  to  be 
not  less  than  50  or  100  fathoms,  and  judging  from  what  we  know 
for  certain  of  ocean  currents,  we  may  safely  say  that  differences 
of  specific  gravity  of  the  water  produced  by  difference  of  tempe- 
rature not  reaching  any  where  down  to  the  freezing  point,  would 
cause  enough  of  circulation  of  water  between  the  polar  and  tem- 
perate or  tropical  regions  to  supply  all  the  heat  radiated  from  the 
water  within  the  Artie  circle  during  the  sunless  winter,  if  air  con- 
tributed none  of  it.     Just  think  of  a  current  of  three  quarters  of 
a  nautical  mile  per  hour,  or  70  miles  per  four  days,  flowing  tow- 
ards the  pole  across  the  Arctic  circle.     The  area  of  the  Arctic 
circle   is    700   square   miles   for   each  mile   of  its  circumterence. 
Hence  40   fathoms  deep  of  such  a  current   would  carry  in,  per 
twenty-four   hours,  a  little  more  than  water  enough  to  cover  the 
whole  area  to  a  depth  of  1  fathom ;  and  this,  if  7*1°  Cent,  above  the 
freezing  point,  would   bring  in  just  enough  of  heat  to  prevent 
freezing,  if  in  twenty-four  hours  as  much  heat  were  radiated  away 
as  taken  from  a  tenth  of  a  fathom  of  ice-cold  water  would  leave 
it  ice  at  the  freezing  point.     This  is  no  doubt  much  more  than 
the  actual  amount  of  radiation,  and  the  supposed  current  is  prob- 
ably much  less  than  it  would  be  if  the  water  were  ice-cold  at  the 
pole  and  7®  Cent,  at  the  Arctic  circle.     Hence,  without  any  assist- 
ance irom  air,  we  find  in  the  convection  of  heat  by  water  alone,  a 
sufficiently  powerful  influence  to  prevent  any  freezing  up  in  polar 
regions  at  any  time  of  year." — Irans.  of  the  Geol,  Sac,  of  Glat- 
gowy  22d  February,  1877. 

That  an  amount  of  warm  water  flowing  into  the  Arctic 
Ocean  equal  to  that  assumed  by  Sir  William  Thomson,  along 
with  the  effects  of  clouds,  wind,  dew,  and  other  agencies  to 
which  he  refers  would  wholly  prevent  the  existence  of  perma- 
nent ice  in  those  regions,  is  a  conclusion  which,  I  think,  can 
hardly  be  doubted.  It  is  with  the  greatest  deference  that  I 
venture  to  differ  from  so  eminent  a  physicist ;  but  I  am  unable 
to  believe  that  such  a  transference  of  water  from  intertropical 
and  temperate  regions  could  be  effected  by  the  agency  to 
which  he  attributes  it.  Certainly  the  amount  of  heat  conveyed 
by  means  of  a  circulation  resulting  from  difference  of  specific 
gravity,  produced  by  difference  of  temperature,  must  be  trifling 
when  compared  with  that  of  ocean -currents  produced  by  the 
impelling  force  of  the  winds.     Take,  for  example,  the  case  of 
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he  Oalf-stream.  If  the  amouDt  of  heat  conveyed  from  inter- 
lopical  regions  into  the  North  Atlantic  by  means  of  difference 
if  density  resulting  from  difiTerence  of  temperature  were  equal 
D  that  conveyed  by  the  Gulf-stream,  it  would  follow,  as  has 
»en  proved,*  that  the  Atlantic  would  be  far  warnjer  in  tempe- 
nte  and  arctic  than  in  intertropical  regions.  Taking  the  annual 
i^uantity  of  heat  received  from  the  sun  per  unit  surface  at  the 
equator  as  1,000,  the  quantities  received  by  the  three  zones 
would  be  respectively  as  follows : — 

Equator 1000 

Torrid  zone 975 

Temperate  zone      ...  757 

Frigid  zone 454 

Assume,  then,  that  as  much  heat  is  conveyed  from  intertrop- 
ical regions  into  the  Atlantic  and  Arctic  seas  by  this  circulation 
from  difference  of  specific  gravity  as  by  the  Gulf-stream,  and 
sBome  also  that  one  half  of  the  total  heat  conveyed  by  the  two 
i^stemsof  circulation  goes  to  warm  the  Arctic  Ocean,  and  the 
other  half  remains  in  temperate  regions,  the  following  would 
then  be  the  relative  quantities  of  heat  possessed  by  the  three 
fiones: — 

Atlantic  in  torrid  zone  .  .  .  671 
"  in  temperate  zone  .  .  940 
'*        in  frigid  zone      .     .     .     766 

There  is  a  still  more  formidable  objection  to  the  theory.  It 
has  been  demonstrated,  from  the  temperature-soundings  made 
by  the  *' Challenger'  Expedition, f  that  the  general  surface  of 
the  North  Atlantic  must,  in  order  to  produce  equilibrium, 
stand  at  a  higher  level  than  at  the  equator.  In  other  words, 
the  surface  of  the  Atlantic  is  lowest  at  the  equator,  and  rises 
with  a  gentle  slope  to  well  nigh  the  latitude  of  England.  This 
carious  condition  of  things  is  owing  to  the  fact  that,  in  conse- 
quence of  the  enormous  quantity  of  warm  water  from  inter- 
tropical regions  which  is  being  continually  carried  by  the  Gulf- 
stream  into  temperate  regions,  the  mean  temperature  of  the 
Atlantic  water,  considered  from  its  surface  to  the  bottom  is 
greater,  and  the  specific  gravity  less,  in  temperate  regions  than 
at  the  equator.  In  consequence  of  this  difference  of  specific 
gravity,  the  surface  of  the  Atlantic  at  latitude  23°  N.  must 
stand  2  feet  3  inches  above  the  level  of  the  equator,  and  at 
latitude  38®  N.  3  feet  3  inches  above  the  equator.  In  this 
case  it  is  absolutely  impossible  that  there  can  be  a  flow  in  the 
Atlantic  from  the  equatorial  to  the  temperate  regions  resulting 

**CKm»te  and  Time/  Chap,  xi;  Phil.  Mag.,  March,  1874. 
f*  Climate  and  Time/  pp.  220-225;    Phil.  Mag.,  September  and  December^ 
1815;  'Naiure,'  November  25th,  1875. 
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from  difference  of  specific  gravity.  If  there  is  any  motion  of 
the  water  from  that  cause,  it  must,  in  so  far  as  the  Atlantic  is 
concerned,  be  in  the  very  opposite  direction,  viz:  from  the  tem- 
perate to  the  equatorial  regions. 

All,  or  almost  all,  the  heat  which  the  Arctic  seas  receive 
from  intertropical  regions  in  the  form  of  warm  water  comes 
from  the  Atlantic,  and  not  from  the  Pacific ;  for  the  amount  of 
warm  water  entering  by  Behring  Strait  must  be  comparatively 
small.  It  therefore  follows  from  the  foregoing  considerations 
that  none  of  that  equatorial  heat  can  be  conveyed  by  a  circula- 
tion resulting  from  difference  of  specific  gravity  produced  by 
difference  of  temperature. 

It  is  assumed  as  a  condition  in  this  theory  that  a  submer- 
gence of  the  Arctic  land  of  several  hundred  feet  must  have 
taken  place  in  order  to  convert  that  land  into  a  series  of  islands 
allowing  of  the  free  passage  of  water  round  them.  But  the 
evidence  of  geology,  as  was  shown  on  a  former  occasion,*  is  not 
altogether  favorable  to  the  idea  that  those  warm  climates  were 
in  any  way  the  result  of  a  submergence  of  the  polar  land. 
Take  the  Miocene  epoch  as  an  example,  all  the  way  from  Ire- 
land  and  the  Western  Isles,  by  the  Faroes,  Iceland,  Frunz-Jo- 
seph  Land,  to  North  Greenland,  the  Miocene  vegetation  and 
the  denuded  fragmentary  state  of  the  strata  point  to  a  much 
wider  distribution  of  Polar  land  than  that  which  now  obtains 
in  those  regions. 

Afr,  Alfred  R,  Wallace  on  mild  Arctic  Climates. — The  theory 
that  the  mild  climates  of  Arctic  regions  were  due  to  an  inflow 
of  warm  water  from  intertropical  and  temperate  regions  has 
also  been  fully  adopted  by  Mr.  Alfred  R  Wallace.  But,  unlike 
Sir  William  Thomson,  he  does  not  attribute  this  transference 
of  warm  water  to  a  circulation  resulting  from  difference  of 
density  produced  by  difference  of  temperature,  but  to  currents 
caused  by  the  impelling  force  of  the  wind. 

Mr.  Wallace  shares  in  the  opinion  now  entertained  by  a  vast 
number  of  geologists   that   during  the  whole  of  the  Tertiary 
period  the  climate  of  the  north  temperate  and  polar  regions  was 
uniformly  warm  and  mild,  without  a  trace  of  any   intervening 
epochs  of  cold.  According  to  him  there  were  no  glacial  or  inter- 
glacial  periods  during  Tertiary  times.    In  this  case  he,  of  course, 
does  not  suppose  that  the  inflow  of  warm   water   into    Arctic 
regions,  on  which  the  mild  condition  of  climate  depended,  was 
in  Muy  way  due  to  those  physical  agencies  which  came  into  ope- 
ration during  an  interglacial  period.     Mr.  Wallace  accounts  for 
the  mild  Arctic  climate  during  the  Tertiary  period  by  the  sup- 
position that  at  that  time  there  were  probably  several  channels 
extending  from  equatorial  to  arctic  regions  through  the  eastern 

♦Geol.  Mag.,  September,  1878. 
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id  western  continents,  allowing  of  a  continuous  flow  of  inter- 
opical  water  into  the  Arctic  Ocean.  Mr.  Wallace  expresses 
IS  views  on  the  point  thus  j — 

"The  distribution  of  the  Eocene  and  Miocene  formations  shows 
lat  daring  a  considerable  portion  of  the  Tertiary  period  an 
iland  sea,  more  or  less  occupied  by  an  archipelago  of  islands, 
ttended  across  Central  Europe  between  the  Baltic  and  the 
flack  and  Caspian  Seas,  and  thence  by  narrower  channels  south- 
&8tward  to  the  valley  of  the  Euphrates  and  the  Persian  Gulf, 
bus  o|>ening  a  communication  between  the  North  Atlantic  and 
he  Indian  Ocean.  From  the  Caspian  also  a  wide  arm  of  the  sea 
extended  during  some  part  of  the  Tertiary  epoch  northwards  to 
jie  Arctic  Ocean ;  and  there  is  nothing  to  show  that  this  sea  may 
Dot  have  been  in  existence  during  the  whole  Tertiary  period. 
Another  channel  probably  existed 'over  Egypt  into  the  eastern 
basin  of  the  Mediterranean  and  the  Black  Sea ;  while  it  is  proba- 
ble that  there  was  a  communication  between  the  Baltic  and  the 
White  Sea,  leaving  Scandinavia  as  an  extensive  island.  Turning 
to  India,  we  find  that  an  arm  ol'  the  sea  of  great  width  and 
iepth  extended  from  the  Bay  of  Bengal  to  the  mouths  of 
;he  Indus ;  while  the  enormous  depression  indicated  by  the  pres- 
ence of  marine  fossils  of  Eocene  age  at  a  height  of  16,500  feet  in 
Western  Tibet  renders  it  not  improbable  that  a  more  direct  chan- 
nel across  Afghanistan  may  have  opened  a  communication 
between  the  West- Asiatic  and  Polar  seas." — {^  Islatid  Life^  p. 
184.) 

My  acquaintance  with  the  Tertiary  formations  of  the  globe, 
and  with  the  distribution  of  land  and  water  during  that  period, 
is  not  such  as  to  enable  me  to  form  any  opinion  whatever  either 
as  to  the  probability  or  to  the  improbability  of  the  existence  of 
such  channels  as  are  assumed  by  Mr.  Wallace.  But,  looking 
at  the  question  from  a  physical  point  of  view,  it  seems  to  me 
pretty  evident  that  if  such  channels  as  he  supposes  existed, 
allowing  of  a  continuous  flow  of  equatorial  water  into  the 
Arctic  seas,  it  would  certainly  prevent  the  formation  of  perma- 
nent ice  around  the  pole,  and  would  doubtless  confer  on  the 
arctic  regions  ^  mild  and  equable  climate.  This  would  be 
more  particularly  the  case  if,  as  Mr.  Wallace  supposes,  owing  to 
reographical  conditions,  far  more  of  the  equatorial  water  was 
leflected  into  the  arctic  than  into  the  antarctic  regions. 

But  at  the  same  time  I  think  it  is  just  as  evident  that  these 
ihannels  would  not  neutralize  the  eflects  resulting  from  a  high 
late  of  eccentricity.  It  may  be  quite  true  that  the  physical 
ause  brought  into  operation  during  a  high  state  of  eccentri- 
ity  might  not  be  suflScient  to  reduce  the  quantity  of  warm 
'ater  flowing  into  the  Arctic  Ocean  to  an  extent  that  would 
srmit  of  the  formation  of  permanent  ice  around  the  pole,  but 
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it  certainly  would  greatly  diminish  the  flow  into  the  Arctie 
Ocean.  Supposing  that  at  the  commencement  of  the  last  Glacial 
epoch  the  volume  of  the  Gulf-stream  to  have  been  double 
what  it  is  at  present;  this  condition  of  things  would  not  have 
prevented  the  operation  of  these  physical  agents  which  brought 
about  the  Glacial  epoch,  although  it,  no  doubt,  would  have 
considerably  modified  the  severity  of  the  glaciation  resulting 
from  their  operation.  The  very  same  thing  would  hold  trae^ 
though  perhaps  in  a  much  greater  degree  in  reference  to  the 
channels  assumed  by  Mr.  Wallace. 

If  the  emissive  power  of  the  sun  was  about  the  same  during 
the  Tertiary  period  as  at  present,  and  there  is  no  good  grounds 
for  supposing  it  was  otiierwise,  then  the  extra  heat  possessed  by 
the  northern    temperate  and  arctic   regions   must    have   been 
derived  either  from  the  equatorial  regions  or  from  the  soulhera 
hemisphere,  or,  what  is  more  likely,   from  both.     If  so,  then 
the  temperature   either  of  the  southern   hemisphere  or  of  the 
intertropical  regions,  or  both,  must  have  been  duri?ig  the  Ter» 
tiary  period  much  lower  than  at  the  present  day.     A  lowering 
of  the  temperature  of  the  equatorial  regions,  resulting  from  this 
transference  of  heat,  would  tend  to  produce  a  more  equable 
and  uniform  condition  of  climate  over  the  whole  of  the  north- 
ern hemisphere.     As  the  area  of  the  Arctic  Ocean  is  small  in 
comparison  to  that  of  the  equatorial  zone,  from  which  the  warm 
water  was  derived,  the  fall  of  temperature  at  the  equator  would 
be  much  less  than  the  rise  at  the  pole.     Supposing  there  had 
been  a  rise  of  say  30°  at  the  pole  resulting  from  a  fall  of  10* 
at  the  equator  (and  this  is  by  no  means  an  improbable  assump- 
tion), this  would  reduce  the  difference  between  the  equator  and 
the  pole  by  40°,  or  to  half  its  present  amount     We  should 
then   have  a  climatic  condition    pretty   much  resembling  that 
which  is  known  to  have  prevailed  during  at  least  considerable 
portions  of  the  Tertiary  period. 

It  is  indeed  verv  doubtful  if  such  a  climatic  condition  of 
things  as  that  could  be  brought  about  by  a  high  state  of  eccen- 
tricity with  the  present  distribution  of  land  and  water;  but,  on 
the  other  hand,  it  is  just  as  doubtful  whether  fhe  channels  of 
communication  assumed  by  Mr.  Wallace  could  have  brought  it 
about  without  the  aid  of  eccentricitv. 

The  very  existence  of  so  high  a  temperature  on  the  northern 
hemisphere  during  Tertiary  times  may  be  regarded  as  strong 
presumptive  proof  that  the  geographical  conditions  obtaining 
on  the  southern  hemisphere  were  most  unfavorable  to  the  flow 
of  intertropical  water  into  that  hemisphere.  This  may  be  <>ne 
of  the  reasons  why  a  high  state  of  eccentricity  failed  to  pro- 
duce a  well-marked  glacial  epoch  on  the  northern  hemisphere, 
the  geographical  conditions  preventing  a  transference  of  waroi 
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irater  into  the  southern  hemisphere  suflRcient  to  produce  true 
glaciation  on  the  opposite  hemisphere.  That  the  geographical 
conditions  obtaining  on  the  southern  hemisphere  during  Ter- 
tiary times  were  probably  of  such  a  character  is  an  opinion 
advanced  by  Mr.  Wallace  himself.  "There  are,"  he  says, 
"many  peculiarities  in  the  distribution  of  plants  and  of  some 
groups  of  animals  in  the  southern  hemisphere,  which  render  it 
almost  certain  that  there  has  sometimes  been  a  greater  exten- 
oon  of  the  antarctic  lands  during  Tertiary  times;  and  it  is 
therefore  not  improbable  that  a  more  or  less  glaciated  condition 
©ay  have  been  a  long-persistent  feature  of  the  southern  hemis- 

eiere,  due  to  the  peculiar  distribution  of  land  and  sea,  which 
?ors  the  production  of  ice-fields  and  glaciers.''  (p.  192.) 

[To  be  continued.] 


Abt.  VII. — An  attempt  to  determine  the  Amount  and  Rate  of 
Chemical  Erosion  taking  place  in  tlie   Limestone  {Calciferous 
to  Trenton)  Valley  of  Center  County^  Pa,^  and  hence  applicable  to 
similar  regions  throughout  the  Appalachian  Regions  ;  by  A.  L. 
EwiNa. 

In  the  following,  the  nature  of  the  problem  precludes  the 
idea  of  even  a  close  approximation  to  accuracy.  It  is  claimed 
however  that  these  determinations  form  a  more  reliable  basis 
than  mere  estimates. 

The  method  pursued  is  as  follows:  The  amount  of  water 
flowing  from  a  given  hydrographic  basin  in  the  region  under 
question  is  determined  from  the  cross  section  and  velocity  of 
the  stream  draining  it.  The  amount  of  solids  in  the  water  is 
determined  by  evaporation ;  these  data  with  the  area  of  the 
basin  form  the  basis  of  calculation. 

The  region  selected  is  that  of  the  Spring  Creek  basin  which 
forms  a  considerable  portion  of  the  limestone  valley  of  Cen- 
ter Ccranty.  The  measurements  were  made  above  the  old  Ham 
below  Bellefonte  and  below  the  entrance  of  all  visible  tribu- 
taries from  the  valley. 

That  a  fair  conception  of  the  region  may  be  had  a  brief 
explanation  of  its  geology  is  necessary.  The  region  under 
consideration  forms  a  part  of  Nittany  Valley.  This  valley, 
known  under  difierent  names,  extends  through  a  considerable 
portion  of  the  Appalachian  region,  and  consists  of  the  remains 
of  a  great  anticlinal  fold,  which  had  it  not  been  worn  down 
would  form  an  immense  mountain-like  plateau  over  20,000 
feet  above  its  present  height.  As  it  is,  the  floor  of  the  valley 
ooosists  of  the  upturned  edges  of  the  lower  Silurian  limestone 
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eroded  through  a  thickness  of  6,000  feet  The  valley  i» 
flanked  on  either  side  by  the  remnants  of  the  overlying^ 
Medina  Sandstone  which  forms  monoclinal  ridges  from  600 
to  1,000  feet  above  its  floor.  The  inside  slopes  of  these  moun- 
tains are  formed  by  the  Utica  and  Hudson  River  shales. 

The  great  amount  of  erosion  that  has  taken  place  here  is  an 
interesting  geological  topic.  That  in  early  times  it  was  mainly 
mechanical,  caused  by  the  steeper  declivities,  is  undoubtedly 
true.  The  present  topographical  features,  however,  can  not  be 
explained  without  considering  the  excessive  chemical  erosion 
of  the  limestone.  This  I  believe  is  the  opinion  of  the  geologists 
who  have  visited  the  region.  The  water  from  the  limestone 
contains  a  large  amount  of  calcium  and  magnesium  salts.  That 
from  the  State  College  well  gives  *2273  grams  per  liter  of  solids, 
over  80  per  cent  of  which  are  calcium  and  magnesium  carbon- 
atea  Sink  holes,  caves,  eta,  are  common  as  in  other  limestone 
regions.  Still,  I  am  not  aware  that  any  attempts  have  been 
made  to  determine  the  amount  of  erosion  taking  place  by  this 
process,  and  hence  the  following  is  submitted. 

Average  width  of  stream  where  the  measurements  were 
taken,  22*86  meters  (75  ft).  Depth,  average  of  six  measurements 
across  the  bed  of  the  stream,  "823  meters  (2'7  ft).  This  gives 
as  the  cross-section  of  the  stream  18*81m*  (202*5  sq.  ft)^ 
Allowance  was  made  in  these  determinations  for  obstruction 
from  weeds,  etc. 

The  velocity  of  the  stream  was  determined  by  floating  sur- 
face particles  and  by  floating  a  long  bottle  weighted  with  shot 
at  various  depths  from  '3  m.  to  '76  m.  (the  greatest  depth  of  the 
stream  being  Im.).  The  velocity  of  the.  stream  was  found 
to  be  994*776  m.  per  hour,  this  giving  18*l72m*,  as  the  amount 
of  water  removed  per  hour.  The  water  shows  on  evaporation, 
as  average  of  two  tests,  155*8  grams  per  m",  giving  2,905,974 

frams  the  amount  of  solids  removed  per  hour,  or  25,456,560 
ilos.  per  annum.  As  the  area  of  limestone  drained  by  Spring 
Creek  is  about  100  sq.  miles,  this  gives  255'654  kilos,  of  8oli£ 
as  the  amount  removed  per  annum  per  sq.  mile.  This  is 
equivalent  to  282  tons. 

A  portion  of  the  water  carried  off  by  Spring  Creek,  however, 
falls  not  upon  the  limestone  area  considered  above,  but  upon 
the  mountains  bordering  the  valley.  Probably  one-fourth  of 
the  water  falls  upon  the  mountains.  To  show  that  the  main 
part  of  the  solids  comes  from  the  limestone,  I  had  specimens  of 
the  water  as  it  flows  from  the  mountains  evaporated.  An 
average  of  two  tests  gave  16*5  grams  per  m",  or  a  little  over 
one-tenth  of  the  amount  found  in  the  water  as  it  flows  from 
the  valley.  Thus  not  more  than  one-fortieth  of  the  solids  in 
the  Spring  Creek  v?aier  probably  comes  from  the  mountaina 
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I  this  correction  it  still  leaves  275  tons  per  sq.  mile  as  the- 
t  annually  removed  in  solution. 

oser  approximation  could  be  made  by  continuing  obser* 
;  similar  to  the  above  through  a  period  of  time,  say  for 
ir.     To  get  the  amount  of  water  carried  off  in  a  year  this 
be  necessary.     Yet  it  is  evident  that  the  amount  of  solids 
away  in  solution  is  much  more  constant  than  the  amount  of 
lowing  through  the  stream  ;  as  in  times  of  freshet  or  exces- 
•w  there  is  a  larger  proportion  of  surface  water,  while  in 
>f  diminished  flow  a  relatively  larger  portion  of  the  water 
I  the  stream  through  underground  drainage  and  must 
I  more  solids.     Hence  the  above  number,  275  tons  per 
e,  may  be  taken  as  a  fair  approximation  to  the  amount  of 
il   actually   removed    per    annum   in    this   and   similar 

^rding  to  the  above  determinations  and  assuming  that 
ids  removed  hiave  a  specific  gravity  of  2  8,  we  get  as  the 
contents  of  tlie  mass  removed  from  the  entire  basin 
►m*,  or  91'3m*  per  sq.  mile  per  annum,  making  the 
ion  as  before  of  one-fortieth  for  the  amount  brought  from 
ountains;  and  ccmceiving  the  remainder  to  be  spread 
over  the  surface  it  would  form  a  layer  ^^li^  ^^  ^  meter 
kness.  Hence  to  lower  the  snrface  to  the  extent  of  1  m. 
3  process  would  require  29,173  years,  or  about  9,000 
x>  remove  one  foot  from  th^  surface. 

safe  to  assume  that  had  the  rocks  of  this  region  been 
r  to  those  of  the  bordering  mountains  in  their  nature  and 
to  resist  dynamical  agencies  we  should  have  in  place  of 
y  valley  a  mild  anticlinal  plateau   somewhat  above  the 
ains  in  elevation,  say  1000  feet  above  the  present  height 
valley.     The  erosion  in  the  valley  then  in  excess  of  that 
the  mountains  has  been  naainly   chemical  and  at  least 
Feet  of  limestone   has   been   thus   removed.      A   simple 
r  deduction  shows  that  accordingly  Nittany  valley  has 
,000,000  years  in  process  of  formation. 
limestone  erosion  could  not  begin  before  the  latter  stages 
Mesozoic  era,  possibly  not  before  the  Cenoz('ic  era,  as 
*nt  time  must  have  elapsed  subsequent  to  the  Carbonif- 
ige  to  erode  all  formations  of  the  Paleozoic  era  above 
enton  limestones.     One  million  years  seems  not  incon- 
with  other  estimates  of  geological  time;  still  these  calcu- 
respecting  time  are  an  afterthought  and  supplementary 
main  point  inte?ided  to  be  shown  in  this  paper,  viz:  the 
id  amount  of  chemical  erosion  of  limestone. 
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Art.  VIII. — On  the  Chrysotile  from  Shipion^  Canada;  by 

Erastus  G.  Smith,  PhD.  - 

There  bas  recently  come  into  my  possession,  through  the 
kindness  of  Mr.  W.  H.  Jeffreys  of  Richmond,  several  specimens 
of  the  fibrous  variety  of  serpentine  or  chrysotile  from  the 
above  named  locality.  So  well  characterized"  were  the  speci- 
mens, and  diligent  search  failing  to  discover  any  analyses  or 
-description  of  the  properties  of  the  mineral  from  this  locality, 
an  examination  was  instituted  with  results  appended  below. 

Serpentine  is  commonly  met  with  through  many  portions  of 
the  Province  of  Quebec,  occurring  either  as  large  deposits  of  the 
comparatively  pure  mineral  or  more  generally  mixed  with 
other  minerals,  notably  calcite  and  chromite.  Chromite  espe- 
cially appears  to  be  almost  always  present  in  the  serpentine  of 
the  Silurian  rocks. 

The  fibrous  variety  of  serpentine  or  chrysotile  generally 
spoken  of  as  **asbestus,"  appears  to  be  distributed  also  in 
almost  unlimited  quantities  through  many  of  the  southeastern 
townships,  notably  at  Thetford  and  Coleraine.  (See  Report  of 
Geological  Survey  of  Canada,  1881^2,  G.G.,  pp.  6-8). 

The  chrysotile  from  Shipton  seems  to  be  of  much  the 
same  character  both  in  appearance  and  mode  of  occurrence.  It 
occurs  in  narrow  veins  of  from  one  to  four  inches  in  width 
traversing  the  solid  serpentine.  These  veins  possess  little  or  no 
regularity,  often  abruptly  terminating.  The  fibers  run  trans- 
versely, improving  in  quality  as  the  mineral  recedes  from  the 
surface  of  the  ground.  In  appearance  the  6hrysotile  has  a  fine 
silky  luster,  varying  in  color  from  a  deep  green  to  a  pale  yel- 
low. The  fibers  can  be  easily  separated  from  each  other,  form- 
ing a  soft  voluminous  wool-like  mass.  Before  the  blow-pipe  it 
is  fusible  only  with  the  very  finest  fibers.  It  yields  water 
readily  on  ignition,  being  at  first  blackened  and  finally  assum- 
ing a  dull  brown  color.  The  ignited  mass  loses  its  fibrous 
character  and  crumbles  easily  beneath  the  fingers.  The 
reaction  for  iron  is  always  marked  and  with  some  specimens  thai 
for  chromium  aUo^  though  aH  will  be  noticed,  the  particular 
Sf)ecimens  analyzed  gave  no  chromium  reaction.  This  varia- 
ble reaction  is  accounted  for  by  the  fugitive  presence  of 
chromite  in  the  vicinity,  which  as  already  noted,  so  often 
accompanies  the  Canada  serpentines. 

Two  specimens  were  selected  for  analysis:  I.  Dark  green,  sp. 
gr.  2-142  (temp.  16°  C).  II.  Pale  yellow,  sp.  gr.  2-286 
(temp.  16°  C). 
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I. 

n. 

SiO, 

41-8'n 

42-043 

FeO 

2-234 

3-663 

MgO 
H.O 

41-990 
14-282 

39-540 
14*309 

100-343  99-656 


These  analyses  establish  clearly  the  identity  of  this  mineral 
with  the  chrysotile  from  other  localities,  as  can  be  readily  con- 
firmed  by  comparing  them  with  the  analyses  already  published. 

Chemical  Laboratory  of  Beloit  College,  Beloit,  Wisoonsm,  Nov.  28,  1884. 


Abt.  IX. — The  Santa  Caiharina  Meteorite;  by   Orville 

A.  Derby. 

Having  recently  undertaken,  in  company  with  Mr.  Luiz 
Gonzaga  de  Campos,  an  examination  of  the  Brazilian  meteorites 
preserved  in  the  National  Museum  of  Rio  de  Janeiro,  in  which 
that  gentleman  has  taken  charge  of  the  chemical  and  I  of  the 

(physical  part  of  the  work,  I  have  had  occasion  to  make  the 
ollowing  observations  on  the  somewhat  famous  Santa  Cath- 
arioa  meteorite  which  seem  to  be  of  sufficient  importance  to 
warrant  publication  in  advance  of  the  more  extended  general 
memoir  that  we  are  now  preparing.* 

M.  Daubree,  who  has  so  thoroughly  studied  the  metallic  por- 
tion of  this  meteorite,  mentions  an  ochreous  crust  in  some  of 
the  specimens*  which  he  took  to  be  of  secondary  and  terres- 
trial origin,  and  to  be  composed  of  a  mass  of  limonite  resulting 
from  the  oxidation  of  the  iron,  together  with  imprisoned  frag- 
ments of  the  disintegrated  granite  on  which  the  mass  was 
stated  to  have  rested.  Misled  by  this  conclusion  (a  very 
natural  one  if,  as  is  to  be  presumed,  the  crust  on  the  specimens 
examined  was  partially  decomposed),  he  devoted  all  his  atten- 
tion to  the  metallic  elements  with  the  brilliant  results  that  are 
so  well  known.  This  crust,  however,  when  examined  on  well 
preserved  specimens,  proves  to  be  an  essential  part  of  the 
meteorite,  in  nothing  inferior  in  interest  to  the  metallic  portion. 
Aside  from  the  many  interesting  points  of  structure  it  presents 
in  Itself,  it  affords  the  best  of  proofs  that  the  mass  is  really  of 
meteoric  origin,  a  matter  which  the  peculiar  properties  of  the 
iron  had  placed  in  doubt.  Moreover,  it  appears  to  indicate  the 
existence  of  a  new  group  of  meteorites  intermediate  in  charac- 
ter between  the  holosiderites  (composed  wholly  of  iron)  and 
the  syssiderites  (with  stony  portions  disseminated  in  a  spongy 

*Comptes  Rendus,  vol.  Ixxxiv,  p.  1608.  jfetudes  synthetiques  de  Geologie 
£x{>^meDtale,  p.  536. 

Am.  Jour.  Scl — Third  Seribs,  Vol.  XXIX.  No.  169.— Jan.,  1885. 
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metallic  mass)  of  Daubr^e,  or  perhaps  rather  it  should  be  sa 
that  it  throws  new  light  on  ^he  real  structure  of  the  former. 

This  crust  has  been  observed  in  two  forms,  which,  from  ti 
aspect  presented  macroscopically,  may  be  called  provisional! 
the  granitoid  and  the  porphyritic.  Although  the  former  h 
not,  like  the  latter,  been  observed  adherent  to  the  iron,  it 
evidently  the  primitive  form  and  will  be  described  first, 
consists  essentially  of  olivine  in  small  glassy  crystalline  fra 
ments  and  of  plagioclase  feldspar  (apparently  anorthite) 
grains  up  to  6  or  8  millimeters  in  diameter.  It  is  traversed  I 
fine  veinletsof  black  limonite  which  has  also  stained  the  ma 
red  so  that  it  presents  the  appearance  of  ordinary  half  decoi 
posed  granite.  Under  the  microscope  it  has  the  aspect  of  a  pc 
phyry,  the  clear  grains  of  olivine  and  such  of  the  plagiocla 
as  has  escaped  decomposition  standing  out  brilliantly  in  a  dai 
opaque  groundmass  consisting  of  limonite  and  of  decompose 
feldspar,  and  perhaps  also  of  other  decomposed  silicates  and  k 
an  original  glassy  groundmass,  if  the  rock  contained  them.  TI 
olivine  grains  are  beautifully  clear  but  much  fractured,  showii 
along  the  cracks  a  yellow  discoloration  which  occasional! 
presents  a  beautiful  botryoidal  appearance.  The  specimens 
this  rock  have  unfortunately  been  hammer-dressed,  so  th 
they  show  nothing  of  the  original  surface.  They  represet 
however,  a  thickness  of  several  centimeters  at  least  No  graii 
of  metallic  iron  have  thus  far  been  detected  in  them,  but  \ 
points  of  the  rock  exert  a  slight  influence  on  the  magnet 
needle,  their  presence  is  suspected.  Minute  grains  that  appe 
to  be  magnetite  have  been  separated  with  the  magnet,  bi 
have  not  yet  been  examined.  The  porphyritic  rock  forms 
crust,  1  to  2  centimeters  thick,  completely  enveloping  an  oblor 
rounded  m*».ss  of  iron,  18  centimeters  long  and  10  centimete 
in  diameter.  This  crust  scales  off  readily,  taking  always 
portion  of  the  iron  with  it  Small  fragments  of  iron  are  all 
scattered  through  it  The  surface  of  this  crust  being  som 
what  decomposed  and  ochreous,  the  appearance  of  the  enti; 
mass,  which  may  be  called  a  meteoric  individual,  as  it  hi 
evidently  not  been  broken  from  a  larger  mass  since  the  fall, 
that  of  the  concretionary  masses  of  limonite  common  in  decoD 
posed  granite  and  elsewhere.  This  is  a  true  porphyry  coi 
sisting  of  grains  of  olivine  with  rare  fragments  of  plagioclai 
scattered  in  a  dark  glassy  groundmass  which  can  only  wit 
difficulty  be  rendered  transparent,  when  it  presents  a  ligl 
reddish  color.  The  mass  is  somewhat  scoriaceous  from  tl 
presence  of  numerous  rounded  cavities,  and  the  glass  presen 
a  fluidal  structure.  The  feldspar  has  much  the  same  appea 
ance  as  in  the  granitoid  form,  that  is  to  say,  a  clear  nuclei 
surrounded  by  an  opaque  portion.     The  nucleus,  however, 
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not  troubled  as  in  that  rock,  and  the  opacity  18,  in  this  case, 
evidently  due  to  vitrification  of  the  margins  of  the  grain,  and 
not  to  decomposition  as  in  the  case  of  the  granitic  rock. 

In  order  to  verify  the  idea  that  was  at  once  suggested,  that 
this  porphyritic  rock  was  the  result'of  the  partial  fusion  of  the 
granitoid,  I  attempted  to  reproduce  the  peculiarities  it  presents. 
Taking  quartz  to  represent  the  infusible  element  and  labra- 
dorite  for  the  fusible,  I  made  a  mixture  of  these  minerals 
broken  into  small  fragments,  but  not  ground,  adding  some 
scraps  of  iron  turnings  and  fragments  of  magnetic  pyrites. 
After  an  incomplete  fusion,  the  characters  above  mentioned 
were  found  to  be  very  satisfactorily  reproduced.  The  principal 
diflferences  noted  were  that  the  glass  was  clearer  and  that  those 
grains  of  feldspar  which  escaped  complete  vitrification  were,  for 
the  most  part,  more  troubled,  many  of  them  becoming  quite 
opaque  and  with  an  abundant  development  of  microlites. 

It  appears  therefore  that  this  meteorite  presents  a  mixture  of 
metallic  and  siliceous  elements  combined  in  a  way  that  has  not 
hitherto  been  n(»ticed,  and  that  the  stony  portion  also  presents 
a  new  type  of  structure  in  which  olivine  and  plagioclase  are  the 
predominant  elements.     The  partial  vitrification  of  the  sUmy 
portion  seems  to  afford  unequivocal  evidence  of  the  meteoric 
origin  of  the  mass.     The  presence  of  silicates,  in  part  fusible, 
vhich  would  form  a  crust  of  low  conducting  power  about  the 
iron  will  enable  us  to  account  satisfactorily  for  the  low  mag- 
netism of  portions  of  the  mass  noted   by  Lawrence  Smith  and 
Becquerel,*  which  led  them  to  infer  that  the  iron  had  cr^'stallized 
below  a  red  heat,  a  fact  which  it  would  be  difficult  to  reconcile 
with  the  incandescence  of    meteorites,  if   the  mass  had   been 
composed  exclusively  of  metal.     It  ma     be  reasonably  inferred 
that  different  portions  of  the  mass  will   be  found  to  wixvy  in 
magnetic  properties.     It  is  hoped  that  material  for  invesriga- 
tingthis  and  other  questions  may  be  obtained  in  a  visit  which 
Mr.   Campos    will  shortly  make  to  the  place  of   fall  for  the 
purpose   of  collecting  facts  for  the  full   history  of  this  inter- 
esting meteorite. 

The  observations  here  presented  suggest  the  suspicion  that 
other  large  iron  meteorites  may  present  something  analogous, 
and  it  is  hoped  that  an  opportunity  may  shortly  bi*  affor-led  for 
examining  the  famous  Bemdego  meteorite  which,  ju<lging 
from  the  descri|)tions  of  Mornay  and  of  Spix,  and  Martins, 
contains  st<my  portions.  The  former  mentions  a  crusi  on  the 
lower  portion,  and  the  latter  state  that  it  rested  on  a  mass  of 
granite  fragments,  which,  in  view  of  the  above  facts,  may  Ih-  sus- 
pected to  have  belonged  to  it.  Both  mention  masses  of  quartz 
embedded  in  the  iron  which  are  most  probably  of  olivine. 

*Compte8  Rendns,  vol.  xciii,  p.  794,  1881.     This  Journal,  March,  1882. 
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Art.  X. — Tht  Gravels  of  i}\e  Soutliem  Delaware  Peninsula;  by 

Frederick  D.  Chester. 

In  a  former  number  of  this  Journal  (March,  1884),  under  the 
title  of  "77^6  Quaternary  Gravels  of  Northern  Delaware  and  East- 
ern Marylandj^^  the  writer  described  those  deposits  known  as  the 
Eed  Sand  and  the  Philadelphia  Brick  Clay,  which  cover  to 
great  depths  the  underlying  formations  of  New  Castle  and 
Cecil  Counties.  Later  investigations  in  connection  with  a  geo- 
logical survey  of  Delaware  lead  us  to  consider  the  surrace 
deposits  of  the  peninsula  as  a  whole;  and,  although  this  paper 
is  intended  as  a  continuation  of  the  other,  it  will  be  necessary^ 
first,  to  review  very  briefly  some  of  the  facts  previously 
brought  out,  before  describing  in  detail  the  phenomena  of  the 
southern  area.  The  surface  formations  of  ihe  peninsula  may 
be  classed  as  follows : 

1.  High  Level  or  Bryn  Mawr  Gravel Cretaceous? 

C  Red  Sand. 

2.  Delaware  Gravels •<  Quaternary. 

(  Philadelphia  Brick  Clay. 

3.  Estuary  Sands Quaternary. 

4.  Bog  Clay Modern. 

A  Review  of  tub  Northern  Area. 

High  Level  Gravels. — In  traveling  over  the  highlands  of 
Northern  Delaware,  just  back  of  the  old  terrace  line  of  the 
succeeding  Post-Olacial  formation,  one  is  liable  to  come  upoa 
solitary  patches  of  gravel,  varying  in  area  from  a  few  hundred 
square  feet  to  several  acres.  They  do  not  always  form  strata 
oi  definite  depth,  but  often  the  rounded  pebbles  are  found 
mixed  with  a  predominating  quantity  of  angular  material,  im 
sitUj  while  again,  in  other  places,  a  well  defined  deposit  may  be 
traced,  as  in  the  northeast  part  of  the  State,  over  a  large  area 
of  several  square  miles.  The  gravel  is  made  of  highly  water- 
worn  quartzose  and  quartzitic  pebbles,  associated  with  a  con- 
siderable amount  of  ferruginous  grit  and  conglomerate. 

As  regards  the  position  and  extent  of  these  isolated  patches, 
there  seems  to  be  no  law,  but  capping  as  they  do  the  highest 
points  of  the  hills,  which  rise  from  350  to  400  feet  above  tide 
«7ater,  it  is  probable  that  they  represent  the  remnants  of  a  once 
continuous  patch.  The  same  formation,  as  shown  by  other 
geologists,  extends  over  the  heights  of  Southeastern  Pennsyl- 
vania, Southern  New  Jersey,  and  the  District  of  Columbia, 
indicating  a  considerable  ingress  of  the  sea  shore  line.  As  far 
as  Delaware  iff  concerned,  we  can  say,  that  during  the  Bryn 
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Mawr  period  the  State  was  submerged  to  a  great  depth,  prob- 
ably much  greater  than  the  maximum  limits  in  Delaware  indi- 
cate. The  exact  outline  of  this  old  sea,  extending  far  within 
the  bounds  of  other  States  must  be  traced,  as  it  will  be,  by  the 
work  of  the  several  geologists  engaged  upon  this  particular 
field,  and  the  results  will  be  eagerly  looked  for. 

The  question  of  the  age  of  the  High  Level  Gravels  is  one  of 
much  interest.     The  extreme  erosion  which  they  have  suffered, 
that  isolated  patches  might  be  produced,   is  alone  sufficient 
proof  of  their  great   age.     If   they   once  formed    a   continu- 
ous layer,  covering  the  tilted  Archaean  rocks,  thew  hole  topog- 
raphy  of    that  area   must   have   been  -produced   since   their 
deposition — the  depth  of  erosion  in  Delaware  amounting  to  a 
maximum  of  300  feet     Prof.  W.  M.  Fontaine  has  described  * 
a  similar  gravel  found  covering  the  Azoic  areas  of  Virginia. 
It  occurs  as  solitary  patches  along  the  western  margin  of  all 
the  interior  belts  of  the  Mesozoic,  the  materials  being  bowlders 
and  conglomerates  of  the  Potsdam,  Azoic  and  Mesozoic  rocks, 
imbedded   in  a  stiff  clay.      That  these  patches  represent  the 
eroded   edges   of    Mesozoic   strata,    would   be   gathered    from 
Professor  Fontaine's  statements.     The  origin  of  the  materials, 
particularly  the  large  bowlders,  is  supposed  to  be  from  glaciers 
descending   the   eastern    slopes    of    the    Alleghanies    in    later 
Jurassic  time.     The  same  gravel  is  said  by  Professor  Fontiiine 
to  extend  as   far  north   as   the    heights  around  Washington, 
where  it  is  known  to  be  contemporaneous  with  the  hi^ih  level 
gravel  of  Delaware  and  Southeastern  Pennsylvania.     Thus  we 
bave   one    continuous  line    of    gravel   patches   bordering  the 
western  edge  of  the  Mesozoic  and  extending  from  Virginia  to 
New  Jersey.     The  careful   labors  of  Mr.  W.  J.  McGee  of  the 
U.  S.'  Geological   Survey  upon  the  High  Level  Gravels  in  the 
neighborhood  of  Washington  are  quite  in  accordance  with  the 
view  of  their  late  Jurassic  or  Lower  Cretaceous  age,  although 
the  writer  does  not  feel  at  liberty  to  make  any  special  use  of 
Mr.  McGee's  results  previous  to  their  publication. 

Mr.  C.  K  Hall  in  his  Report  on  Southeastern  Pennsylvania 
bas  expressed  the  view  that  the  Mesozoic  strata  lying  to  the 
southeast  once  extended  far  to  the  northwest,  so  as  to  overlie 
the  Azoic,  and  that  these  isolated  patches  may  represent  the 
remnants  of  this  former  extension.  Thus  far  1  think,  that  in 
absence  of  direct  evidence  regarding  the  age  of  the  gravels  we 
are  led  to  regard  them  as  more  probably  of  late  Jurassic  or 
early  Cretaceous. 

Considering  again  the  great  erosion  which  the  High  Level 
Gravels  have  sufiered,  it  is  interesting  to  enquire  into  what  has 
become  of  the  portion  removed.     No  clpubt  it  has  suffered  re- 

*  Mesozoic  Strata  of  Virginia.     This  Journal,  III,  vol.  xvii,  p.  31. 
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deposition  by  the  waters  of  succeeding  time.  The  writer  ha» 
consequently  looked  throughout  the  Tertiary  for  evidence 
bearing  upon  this  point,  and  has  been  to  some  degree  sucoens* 
ful.  From  numerous  records  of  well-diggings,  it  is  found  that 
fragments  of  similar  grit,  called  by  the  people  "iron  ore,"  are 
seen  in  the  white  Tertiary  sand,  but  whether  they  are  re-depos- 
ited Bryn  Mawr  is  a  point  upon  which  the  utmost  confidence 
cannot  as  yet  be  placed.  Yet  the  abundance  of  well  rounded 
fragments  of  conglomerate  everywhere  throuffhout  the  Dela- 
ware Gravels  points  in  numerous  cases  to  indisputable  Bryn 
Mawr  origin.  The  great  difficulty,  however,  in  the  way  of 
recognizing  such  identity  is  their  confusion  with  similar  irag- 
ments  formed  at  present  by  the  action  of  ferruginous  waters 
upon  sand  and  pebbles,  but  particularly  by  the  segregation  of 
crusts  within  the  substance  of  quartzitic  bowlders.  Notwith* 
standing  these  difficulties  there  can  be  little  doubt  but  that 
many  of  the  representatives  of  the  Delaware  Gravels  had  their 
source  in  the  older  High  Level  formation. 

Delaware  Oravels, — Passing  along  the  slope  of  the  old  Azoic 
hills,  which  trend  in  a  northeast  and  southwest  direction,  be- 
twe'»n  the  Delaware  and  the  Susquehanna  rivers,  a  distinct 
terrace  line  can  be  traced,  rising  upon  an  average  of  200  feet 
above  the  river,  but  increasing  in  its  altitude  toward  the  west 
and  presenting  throughout  its  entire  length  a  more  or  less 
ragged  outline,  due  to  the  subsequent  decay  of  the  hill -slopes 
upon  which  it  rests.  This  shore  line  marked,  as  we  know,  the 
head  of  a  Post-glacial  estuary,  into  which  the  swollen  Dela- 
ware poured  its  mass  of  debris.  The  deposit  thus  made,  purely 
fluviatile  in  origin,  yet  spread  over  an  estuary  jfloor,  we  have 
called  the  Delaware  gravels.  It  consists,  as  we  have  seen,  of 
an  upper  layer  of  brick  clay  containing  in  most  cases  a  large 
amount  of  fine  and  coarse  gravel,  cobble  stones,  and  bowlders, 
with  many  features  characteristic  of  the  bowlder  clay  and  hav- 
ing a  uniform  thickness  of  from  two  to  three  feet.  Beneath 
this  is  a  thick  stratum  of  highly  ferruginous  sand  and  gravel, 
exhibiting  eminent  stratification,  with  oblique  laminations,  or 
flow-and-plunge  structure,  having  an  average  depth  of  twenty- 
five  feet.  These  Delaware  gravels  are  spread  out  from  the 
shore-line  over  all  the  northern  part  of  the  peninsula,  of  which 
a  detailed  description  has  already  been  given. 

Bog  Clay, — By  passing  up  and  down  the  Delaware  River, 
one  notices  at  a  variable  distance  of  from  one-quarter  to  a 
couple  of  miles,  a  low  terrace,  having  an  altitude  above  the 
river  of  from  twenty  to  thirty  feet.  Its  course  is  usually  very 
winding,  sometimes  bending  almost  to  the  river,  and  again 
extending  far  inland  and  winding  around  so  as  to  form  broad 
and  deep  enclosures.    This  secondary  terrace  line  is  but  an 
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abrupt  termination  of  the  rolling  gravels  extending  down  from 
ibe  upland  terrace.  It  marks  the  last  stage  in  the  retreat  of 
the  estuary  watera  Beneath  this  lowest  terrace  and  that  ter- 
race some  200  feet  higher  up  and  several  miles  to  the  north, 
are  traced  a  number  of  indistinct  intermediate  terrace  lines. 
One  of  these,  rising  some  sixty  feet  above  the  river,  can  be 
followed  from  Wilmington  for  twenty  miles  or  more  to  the 
BOQth,  keeping  for  the  greater  portion  of  its  length  the  course 
of  the  Delaware  railroad.  From  the  lowest  river  terrace  of  red 
gravel,  the  same  deposit  is  seen  to  dip  beneath*  a  uniform  bed 
of  black  clay,  and  is  always  struck  in  the  digging  of  deep 
drainage  trenches  along  the  shore.  A  deposition  of  the  same 
bog  clay  is  now  going  on  by  means  of  flood  tide,  whenever  the 
land  is  unprotected  by  earth  dikes.  It  is  this  impervious  layer 
which  forms  the  basis  of  all  the  undrained  marsh  land  of  the 
river  and  bay  shore. 

Phenomena  of  the  Southern  Area. 

General  considerations,  —  Beginning  with  the  latitude  of 
Appoquinimink  Creek,  which  marks  the  southern  boundary  of 
New  Castle  County,  Del.,  and  extending  to  the  lowermost 
limits  of  the  peninsula,  we  have  an  area  comprising  over  four- 
fifths  of  the  entire  peninsula.  Yet  so  much  of  what  is  observed 
within  the  larger  territory  being  but  a  repetition  of  what  occurs 
to  the  north,  the  subject  of  tht*  gravels,  in  the  way  it  is  treated, 
is  about  equally  divided.  Generally  speaking,  we  may  say 
that  from  the  nortijern  limit  above  indicated  to  about  the  lati- 
tude of  Dover,  the  region  is  covered  by  both  members  of  the 
Delaware  graveh^  with  their  usual  thickness  well  maintained 
throughout.  They  are  very  morainic  in  their  characters, 
rising  into  elevations  sometimes  reaching  fifty  feet,  with  corre- 
sponding depressions.  Over  the  surface  everywhere  are  scat- 
tered an  abundance  of  bowlders,  lar«^e  and  small,  the  upper 
brick  clay  becoming  a  stratum  of  coarse  <;ravel  or  bowlder  clay. 
As  we  pass  to  the  south  of  Dover,  however,  appearances 
change,  the  country  beco?nes  gradually  less  undulating,  and 
the  gravels  less  coarse,  the  change  being  indeed  so  gradual  as 
to  be  imperceptible.  At  a  distance  as  far  south  as  Murderkill 
Creek,  the  lower  red  sand,  instead  of  being  a  coarse  gravelly 
stratum,  is  a  uniformly  coarse  sand  of  the  same  color,  and  com- 
paratively free  from  gravel.  It  is  always  overlaid  with  a  foot 
or  two  of  white  sandy  loam,  free  from  coarse  gravel,  but  con- 
taining smaller  rounded  pebbles  of  glassy  or  javspery  quartz 
and  quartzite,  together  with  subangular  fragments  of  chert 
and  hornstone,  the  latter  being  often  fossiliferous.  Covering 
the  surface  of  the  sandy  loam,  quartzitic  bowlders  are  found, 
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but  in  less  abundance  than  over  the  northern  area.  As  we 
continue  southward,  even  io  ilie  utmost  limits  of  the  peninsula^ 
the  country  becomes  nearly  flat,  the  red  and  brown  sands  change 
to  a  lighter  color,  until  quite  white,  in  which  case  the  two 
members  of  the  gravels  merge  into  each  other.  At  numerous 
localities  within  this  region  of  white  sands,  however,  the  latter 
become  distinctly  red  and  brown  with  so  large  an  admixture 
of  gravel  as  to  become  identical  with  the  red  gravels  of  New 
Castle  County,  in  which  case  there  is  always  an  overlying 
layer  of  white  loam  bearing  upon  its  surface  the  characteristic 
bowlders.  Often,  again,  we  see  one  thick  stratum  of  white 
sand,  in  which  are  streaks  of  red  in  varying  quantity,  while 
oftener  still,  the  white  sand  assumes  a  slightly  reddish  tinga 

Origin  of  the  Southern  Sand  and  OraveL — From  the  above 
facts,  there  can  be  no  doubt  but  that  the  white  sands  which 
cover  over  one-half  of  the  area  of  the  peninsula  are  contem- 
poraneous with  the  Delaware  gravels ;  but  the  two  differ  en- 
tirely as  regards  origin.  While  the  Delaware  gravels  were  a 
fluviatile  deposit  spread  out  over  the  upper  portion  of  the  estu- 
ary floor,  the  white  sands  were  of  marine  origin,  the  deposition 
taking  place  at  the  broad  mouth  of  the  estuary  and  at  a  con- 
siderable distance  out  in  the  open  sea.  The  probable  truth  of 
this  statement  is  further  shown  by  the  finding  of  modem 
marine  shells  in  the  lower  part  of  the  white  loam,  near  its  junc- 
tion with  the  tertiary  blue  clay,  of  which  mention  will  be  made 
shortly. 

To  account  for  the  intimate  mingling  of  the  red  gravel  with 
the  white  sands,  we  suppose  that  as  the  red  gravel  from  the 
north  met  the  morainic  sands  of  the  south,  the  two  became 
mixed,  thus  producing  a  gradual  merging  of  the  one  into  the 
other.  Further,  outcoming  tides  would  carry  loads  of  the 
fluviatile  red  gravel  far  lo  the  south,  where  it  would  become 
interstratified  with  the  white  sand. 

This  lower  deposit  of  white  sand  and  gravel  we  shall  design 
nate  the  Estuary  sands. 

Professor  J.  C.  Booth,  in  his  Report  upon  Delaware  (1841)^ 
attributed  the  white  estuary  sand  to  the  destruction  of  ancient 
dunes  which  have  gradually  been  blown  far  inland.  The  basis 
of  that  theory  was  the  finding  of  dunes  as  far  to  the  west  as 
the  town  of  Seaford,  and  the  observation  there  and  elsewhere 
of  a  similarity  between  these  sands  and  those  which  formed  th© 
universal  covering.  This  hypothesis  is,  I  think,  a  mistaken 
one.  In  the  first  place,  dune  sand  is  entirely  free  from  fine 
and  coarse  pebbles.  A  careful  study  by  the  writer  of  the 
dunes  of  the  coast  revealed  no  pebbles  even  as  large  as  one- 
half  inch  in  diameter,  while  the  estuary  sands  revealed  every- 
where an  abundant  mixture  of  pebbles  of  this  size  with  a 
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[ler  qaantity  of  quartzitic  pebbles  from  one-half  to  three 
es  in  diameter ;  and  in  still  rarer  cases,  as  at  Milford  and 
brd,  cobblestones  and  small  bowlders  have  been  dug  out 
le  white  and  red  sand  deposit.  Bowlders  are,  furthermore, 
y  where  found  covering  the  surface  of  the  estuary  sands  to 
I  the  southernmost  limit,  some  of  the  largest  being  found  at 
w  Hill,  Md.  They  therefore  must  have  been  dropped  by 
ufts  borne  upon  the  waters  of  the  Post-Olacial  estuary,  in 
!h  were  deposited  the  white  sand  and  gravel  upon  which 
'  lie.  In  the  neighborhood  of  Seaford,  one  may  readily 
eive  the  relation  of  the  dunes  to  the  estuary  sand. 
Thile  the  former  are  extremely  loose  and  fine,  free  from 
1  the  smallest  pebbles,  the  latter  is  a  rather  coarse  loam, 
aining  enough  clay  to  hold  it  together  and  sometimes  to 
c  ham,  mixed  with  a  due  proportion  of  fine  gravel.  In- 
d  of  the  meridional  sand  hills  having  been  produced  by 
blowing  in  of  that  material  from  the  sea,  it  seems  more 
)ab1e  that  they  were  made  by  the  shifting  and  accumula- 
of  the  finer  particles  of  the  estuary  deposit.  As  the  sur- 
of  this  sand  stratum  becomes  dry,  there  is  seen  to  form  a 
film  or  effloresceqce  of  fine  white  sand  which  the  writer  has 
jrved  is  readily  taken  up  by  the  wind  and  shifted  in  vari- 
directions.  Any  slight  obstacle,  such  as  a  fallen  tree, 
lid  form  a  barrier  or  nucleus  of  accumulation,  from  which 
lit  grow  a  dune  of  considerable  size.  This  must  appear  to 
careful  observer  the  origin  of  the  interior  dunes  of  the 
aware  peninsula. 

^he  age  of  Vie  Estuary  sands, — The  estuary  sands  forming  a 
tigraphical  continuation  of  the  Delaware  gravels  are  con- 
poraneous  with  them,  while  this  latUT  material,  finding  its 
ree  in  the  fluviatile  gravels  of  the  Delaware  river  valley,  is 
loubtedly  Post-glacial,  especially  as  the  vast  amount  of 
'Ider  drift  associated  with  it  can  have  none  other  than  an 
^erg  origin.  But,  besides  this  proof  of  age,  we  have  that 
ch  is  still  more  certain. 

n  the  lower  part  of  the  estuary  sands  near  its  junction  with 
clav  have  been  found  nests  of  modern  shells,  of  which  the 
it  common  species  is  the  modern  oyster  (0.  Virginicd), 
se  have  been  found  in  some  four  or  five  localities  of  Sussex 
mty.  Near  Dagsborough  a  nest  of  broken  fragments  of  the 
ter  shell  was  found,  with  which  were  also  well  preserved 
limens  of  the  Tritia  tnvittata  and  Urosalpinx  cinerea,  well- 
►wn  littoral  gastropods  still  living  upon  the  Atlantic  coast. 
Baltimore  Hundred  the  oyster  shell  was  found  associated 
h  Venus  mercenaria  and  Fulgur  canaliculalus.  For  an  exam- 
Lion  of  these  modern  shells  from  the  Estuary  sands,  I  am 
ebted  to  Professor  Angelo  Heilpriu. 
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Local  details, — In  the  vicinity  of  Smyrna  and  from  the  west- 
ward to  the  State  boundary,  the  Delaware  Gravels  become 
nnusaally  coarse,  attaining  a  thickness  of  from  30  to  35  feet 
The  bowlders,  cobble  stones  and  pebbles  are  of  both  glassj 
and  quartzitic  varieties,  the  latter  running  into  a  ferruginous 
conglomerate  and  sandstone.  Two  miles  west  of  Clayton  one 
bowlder  of  conglomerate  was  found  to  measure  3'x2'xl'^ 
with  which  were  subangular  fragments  of  coarse  granite  and 
cellular  quartz  similar  to  buhrstone.  At  Dover  the  same 
coarse  gravels  continue,  and  rise  as  moraines  of  considerable 
size.  A  fresh  cutting  within  the  limits  of  the  town  gave  the 
following  section : — 

1.  A  black  sandy  loam 9^—6' 

2.  A  sandy  brick  clay    1*5' 

3.  A  red  wand  compactly  bedded 25' 

4.  A  blue  clay — Tertiary 

Along  Jones  Creek  the  gravels  rise  as  high  bluffs,  and  can 
be  well  studied.  The  pebbles  are  usually  quartzitic,  very  com- 
monly finely  laminated,  but  with  a  considerable  admixture  of 
the  glassy  varieties,  also  yellow  and  black  jasper.  The  less 
common  pebble  and  bowlder  representatives  are — red,  yellow 
and  brown  friable  sandstone,  fragments  of  pudding  stone  and 
ferruuinous  grit,  gneiss,  granite,  trap,  and  white  compact  crystal* 
line  limestone. 

Very  commonly  over  the  surface  are  found   rounded   and 
subangular  pebbles  and  slabs  of  a  greenish  or  brownish  argil- 
laceous sandstone,   very  similar  to  the  Chemung.     They  fre- 
quently contain  excellent  specimens  of  the  Spinfer  mucronaius^ 
and  one  piece  exhibited   to  the  writer  a  species  of  Leplcena, 
Another  slab  showed   markings  which  appeared  to  be  indis- 
putable glacial  scratches.     At  the  Dover  railway  station,  in  a 
fresh  cutting,  the  red  sand  showed  beautiful  examples  of  both 
oblique  laminations  and    flow-and-plunge  structure.        Well 
rounded    bowlders  of  both  vitreous  quartz  and  quartzite  are 
common,  many  of  them  weighing  not  less  than  500  pounds. 
Between  Harrington  and  Mil  lord,  we  are  well  within  the  region 
of  white  sands,  but  adjacent  to  Milford  the  red  sand  is  abund- 
antly interstratified   with    the   white  with  which  are  also  occa- 
sional seams  of  coarse  pt^bbles,  thus  givmgthe  deposit  a  highly 
gravely  aspect.      At    Bridgeville,  the  interstratified  seams  of 
red  sand  are  equally  well   developed,   but  the  usual  surface 
deposit  is  a  coarse  gray  sand  which  here  attains  a  thickness  of 
over  twenty  feet     At  Seaford,  a  little  farther  south,  the  gray 
sands  reach  an  equal  thickness.     At  the  railway  station  of  the 
above  place  we  got  the  following  section  : — 
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1.  Red  and  white  sand 6' 

2.  Quartzitic  pebbles j 2*  dr 

3.  Red  sand     4' 

4.  Irregular  layer  of  pebbles — level  of  run 3* 

issiDg  to  the  east  of  both  Seaford  and  Bridgeville,  and  to 
leighborhood  of  Georgetown,  the  white  sand  maintains  the 
J  character,  but  shows  less  thickness,  varying  from  3  to  15 
with  an  average  of  about  8.  Between  Georgetown  and 
es,  the  sands  are  commonly  of  a  slightly  reddish  tinge, 
ling  into  white,  and  again  into  sand  of  a  distinctly  red  or 
rn  color.  Three  miles  from  Georgetown  the  road  to  Lewes 
through  a  hill  of  coarse  gravel,  which,  trending  for  several 
3  in  a  N.W.  and  S.E.  direction,  attains  a  height  of  fifty 

Another  similar  hill  of  coarse  gravel  is  found  to  the 
of  Ellendale.  These  are,  in  both  cases,  but  swellings  in 
white  sand  and  only  differ  from  the  latter  in  the  large 
ixture  of  coarse  pebbles,  varying  in  size  from  one  to  three 
es  ift  diameter.  In  passing  to  the  south  of  Georgetown, 
ling  new  can  be  learned  by  citing  localities.  The  surface 
Lom  is  a  uniformly  white  or  reddish-white  sand  having  a 
kness  of  from  6  to  10  feet,  with  generally  a  small  propor- 
of  fine  gravel.  At  nearly  all  points,  however,  bowlaers 
found.  At  Snow  Hill,  Md.,  these  bowlders  are  of  frequent 
irrence  and  have  been  collected  into  waste  pilea  They 
^  in   weight  from  a  few  pounds  to  more  than  a  man  could 

Among  the  rock  species  we  may  mention  yellow  jaspery 
rtz,  brown  conglomerate,  a  light  granitic  gneiss,  a  dark 
iblendic  gneiss,  a  coarse  grained  highly  feldspathic  granite, 
irk  blue  slate  rock  and  quartzite.  A  close  study  of  the 
lerous  bowlders  at  this  point  showed  some  indisputable 
lences  of  glacial  scratches,  the  most  pronounced  instance 
If?  a  large  well  rounded  bowlder  of  dark  green  diorite,  the 
oth  surface  of  which  was  covered  with  verv  fine  scratches, 
rly  of  glacial  origin. 

'tdc  Lands. — This  name  is  given  to  that  slip  of  low  marshy 
I  which  borders  the  bay.  shore.  Its  basis  is  an  unpenetrated 
torn  of  blue  or  black  clay  in  which  have  sometimes  been 
id  by  those,  living  in  the  vicinity  nests  of  modern  oyster 
clam  shells.  The  deposit  is  identical  with  the  bog  clay  of 
river  bank;  so  that  we  may  say  that  from  Wilmington  to 
southern  line  of  the  State  into  Maryland,  the  river  and  bay 
edged  with  a  belt  of  modern  bog  clay,  varying  in  width 
1  one  to  three  miles. 

fithin  the  southern  area,  the  marsh  land  is  bordered  for  its 
re  length  by  the  lowland  terrace,  which  presents  the  same 
ding  course,  and  rises  to  a  height  of  from  10  to  15  feet.  In 
le  localities,  at  points  nearer  the  terrace,  this  bog  land  xo^ 
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above  the  reach  of  high  tide,  a  fact  which  would  indicate  a 
present  elevation  of  the  coast.  The  fishermen  a&sert  emphatic- 
ally that  the  Delaware  shore  is  rising;  and  at  Lewes,  the^e  as- 
sertions are  authenticated.  Boat-houses  which  were  once  at  a 
convenient  distance  from  the  water  have  frequently  been 
moved  nearer,  of  necessity.  An  old  yacht,  said  to  have  been 
wrecked  twenty-five  years  ago,  is  now  lying  not  less  than  50 
feet  inland  and  3  or  4  feet  above  mean  tide. 

While  no  attempt  is  here  made  to  measure  the  rate  of  eleva- 
tion, there  is  no  doubt  but  that  the  fact  of  such  an  elevation 
oan  be  established.  The  New  Jersey  coast  and  the  shore  of 
the  southern  Atlantic  States  show  evidence  of  a  slow  sabgi* 
dence;  but  these  coast  regions  have  not  been  covered  by  the 
sea  since  the  later  Tertiary,  while  the  Delaware  peninsula,  ■ 
totally  submerged  only  as  far  back  as  the  Post-Glacial,  has  not  i 
finished  the  slow  operation  of  emergence  from  the  sea. 


Art.  Xi. — Report  of  the  Superintendent  of  the  United  States 
Coast  and  Geodetic  Survey  showing  the  progress  of  the  work 
during  the  fiscal  year  ending  wtt/i  June^  1883.* 

On  December  1,  1833,  Mr.  F.  R.  Hassler,  Superintendent  of 
the  Coast  Survey,  presented  to  the  Secretary  of  the  Treasury 
a  letter  reporting  the  progress  made  in  the  work  of  the  survey 
of  the  coast 

Excepting  a  report  (of  3  octavo  pages)  to  the  Secretary  of  the 
Treasury  in  November,  1817,  also  by  Mr.  Hassler,  this  was  the 
first  Coast  Survey  report,  and  for  about  ten  years  it  was  fol- 
lowed by  similar  reports  consisting  of  a  few  octavo  pagrs.  In 
1844,  under  the  superintendence  of  Prof.  A.  D.  Bache,  these 
annual  reports  to  Congress,  which  appeared  as  executive  doc« 
uments,  began  to  grow,  and  in  1851  had  attained  to  a  size  of 
559  octavo  pages.  Beginning  with  1852,  however,  the  form 
was  changed  ;  the  octavo  form  was  abandoned,  and  in  its  stead 
eame  the  quarto,  so  much  better  adapted  to  the  presentation  of 
maps  and  illustrations. 

The  report  for  1852  may  therefore  be  regarded  as  the 
beginning  of  a  series  of  which  the  volume  before  us  is  the 
thirty-second. 

The  publication  of  these  annual  reports  of  progress  has  con- 
tinued, sometimes  with  delay  but  without  interruption,  and 
the  prompt  issue  of  the  present  volume  indicates  that  the  delay 
in  the  puolication  of  the  later  volumes  is  practically  overcome. 

*  XXVI  and  44d  pp,  4to,  with  50  maps,  sketches  aud  illustrations.     Washington, 
:1884.     (Government  Printing  (jffice. 
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Daring  the  fiscal  year  1882-8  the  annual  reports  for  1878,  1879 
ind  1880  were  printed  and  distributed,  and  "but  for 'a  con- 
tractor's failure  to  produce  the  sketches  and  illustrations  in 
time ''  the  1881  report  would  have  been  found  in  the  same 
category. 

But  the  1881  report  was  actually  issued  more  than  a  year 
ago,  shortly  followed  by  that  for  1882,  and  now  the  1888 
report  has  promptly  followed. 

That  this  volume  should  be  a  worthy  successor  in  this  long 
series  we  have  a  right  to  expect,  and  we  are  not  disappointed. 
From  the  nature  of  the  subjects  treated  in  the  scientific  parts 
of  ibese  volumes  it  is  but  natural  that  some  volumes  would 
prove  of  more  popular  interest,  or  of  interest  to  a  larger  class 
of  readers  than  others.  The  appendices  in  the  present  volume, 
Noa*  12  and  14  on  refraction  in  connection  with  hypsometric 
measurements  and  on  standard  topographical  drawings^  are  likely 
to  render  this  a  volume  for  which  there  will  be  more  than  the 
usaal  demand. 

The  report  before  us  departs  but  very  little  in  its  form,  or 
general  make-up,  or  class  of  topics  treated,  from  its  predecessors. 
The  general  form,  originally  adopted  in  this  series,  has  re- 
qnireil  and  indeed  has  received  very  little  modification  during 
its  33  years  of  existence.  Broadly  stated,  these  reports  present 
two  classes  of  facts  and  for  two  classes  of  readers.  The  first 
may  be  called  the  official  and  the  second  the  scientific  report. 

The  official  report  presents  brief  statements  of  results  ob- 
tained, then  the  same  in  greater  detail ;  also,  statements  of 
when,  where  and  by  whom  the  work  of  the  survey  has  been 
carried  on,  and  an  estimate  for  the  use  of  Congress  of  the 
money  necessary  to  carry  on  proposed  work.  This  is  followed 
by  reports  from  the  various  divisions  into  which  the  office 
work  is  divided,  giving  statistics  of  the  work  done  during  the 
year.  This  official  part  may  then  be  regarded  as  an  exhibit  of 
the  machinery  by  which  results  are  obtained,  with  figures 
showing  the  capacity  of  the  machine. 

The  scientific  part  of  the  report  is  embodied  in  appendices 
prepared  by  specialists  in  the  survey,  who  digest  the  raw  ma- 
terial, deduce  general  laws  or  principles  atid  point  the  way  to 
improvemeiits  in  methods  and  results.  The  volumes  do  not  in 
form  exactly  conform  to  this.  Prom  a  scientific  point  of  view 
such  an  arrangement  would  doubtless  be  preferable,  but 
whether  expedient  or  not  must  be  decided  by  the  survey  itsell 
Even  as  H  is,  the  **  make-up  "  of  the  volume  is  so  well  done 
that  no  one  consulting  it  need  lose  time  in  finding  what  he 
seefai.  The  table  of  contents,  list  of  appendices  and  their  con- 
tents, list  of  sketches  and  illustrations,  and  the  alphabetical  in- 
dex of  18  pages,  furnish  the  needful  guides  for  rapid  consul- 
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tation.  That  this  is  Senate  Ex.  Doc.  No.  29,  48th  Congress,  lit 
Session,  the  bibliographer  will  not  learn  from  the  volume  itselt 
This  absence  we  pardon  the  more  readily  on  account  of  the 
improved  appearance  of  the  title  page.  Still  this  useful  piece 
of  information  might  have  been  somewhere  retained. 

The  report  proper  consists  of  74  pages  in  two  parts;  the 
first  of  11  pages,  giving  results  in  the  most  general  terms  and 
closing  with  Estimates^  and  the  second  of  63  pages  giving  in 
detail  accounts  of  the  work  done  in  the  17  sections  into  which 
the  territory  of  the  United  States  (Alaska  included)  has  been 
divided. 

Appendices  1  to  5  inclusive,  46  pages,  contain  statistical  in- 
formation and  reports  from  heads  of  various  divisions,  etc 
While  in  general  form  these  appendices  are  like  their  prede- 
cessors, we  note  some  changes.  There  is  a  report  to  the  Super- 
intendent of  the  Assistant  in  charge  of  Office,  to  which  report 
are  appended  reports  from  the  Computing,  Drawing,  Engraving; 
Instrumental,  Tidal  and  Miscellaneous  divisions,  and  from  the 
custodian  of  the  Archives. 

Great  activity  in  hydrographic  work  is  shown  during  this 
year,  as  appears  from  the  report  of  the  Hydrographic  Inspector; 
95  naval  officers,  and  21  of  the  25  vessels  being  in  servica 

Appendices  6  to  19,  pp.  121-488,  constitute  the  scientific 
part  of  this  report  and  cover  a  variety  of  subjects,  such  as 
Astronomy,  Bibliography,  Geodesy,  Gravity,  Magnetism,  Tides, 
etc. 

The  bibliography,  which  is  by  Assistant  Edward  Goodfellow, 
and  covers  15  pages,  is  entitled  a  '^Descriptive  catalogue  cf 
publications  relating  to  the  Coast  and  Oeodetic  Survey  and  to 
standard  measures^ 

This  catalogue  of  the  publications  of  the  survey  is  classified 
under  the  several  heads  of  Annual  Reports,  General  Index 
of  Scientific  Papers,  Lists  of  Tide  Tables,  of  Coast  Pilots,  of 
Chart  Catalogues,  Notices  to  Mariners  and  Special  publications. 
Although  only  a  descriptive  and  not  an  analytical  catalogue, 
the  references  in  its  tabular  lists  to  the  dates,  forms  and  modes  of 
publication  are  sufficiently  explicit  to  enable  any  librarian  to 
complete  the  classified  list  of  Coast  Survey  publications  which 
may  form  part  of  his  catalogue. 

Appendix  No.  7  is  an  elaborate  table  of  100  pages,  showing 
the  depth  of  water  which  can  be  carried  into  various  harbors ot 
the  United  States  and  adjoining  coasts.  This  is  a  practical 
rather  than  a  scientific  matter,  and  its  value  for  the  use  of  com- 
merce and  navigation  is  readily  perceived. 

In  Appendix  No.  8,  Assistant  Henry  Mitchell  presents  in  a 
very  brief  form,  the  condensed  results  of  an  elaborate  and  care- 
ful study  of  what  he  terms  the  Estuary  of  the  Delaware^  being 
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that  part  of  the  Delaware  river  between  Philadelphia  and  a 
point  63  miles  below.     In  this  stretch  of  water,  734  lines  of 
ioiindings  have  been  run  across  the  river,  from  which  data  the 
area  of  section  and  average  depth  have  been  calculated  and 
tabulated.    These  results  are  presented  in  tables  and  in  diagrams 
and  strongly   reinforce  a  conclusion  based  upon  preliminary 
data  and  published  in  the  C.  &  G.  S.  Report  of  1879 ;  this  con- 
clusion is  that,  in  the  language  of  the  Superintendent,  ^'In  the 
Estuary  of  (he  Delaware  Jrom  League  Island  to  the  submerged 
idta^  the  mean  depth  is  constant;   Uie  widths  and  sections  vary 
with  tlie  square  of  the  distance^  and  the  retard  of  the  tide  can  he 
txaetly  stated  in  terms  of  the  mean  depth  and  wiMC^ 

Mathematically,  then,  these  relations  are  expressed  by  equa- 
tions of  parabolas  in  which  the  constants  have  been  empirically 
determined. 

Let  X  be  the  distance  of  any  section  of  the  river  from  the 
Fort  Mifflin  section,  down  stream,  measured  along  mid  stream 
and  in  nautical  miles ;  then  we  have 

Mean  depth  in  feet  =18-64 

Mean  width  of  stream  in  feet         =l()'la!:"-h6100;  and 

Mean  area  of  section  in  sq.  ft.       =  188a;*  4- 95000. 

The  curves  resulting  from  observation  agree  well  with  the 
carves  resulting  from  these  equations,  particularly  the  latter,  in 
which  the  coefficient  188  results  from  multiplying  the  preced- 
ing coefficient  10*1  by  the  average  depth  18*64:  feet.  This 
depth,  18'64,  is  the  mean  of  all  the  soundings  in  the  river  for  46 
miles  below  Fort  Mifflin.  '''"' 

The  expression  for  high  waterjis  stated  to  be 

5il  distance ^O'OOXS  width  4-  92  minutes  where  ^^  each  term 
hat  its  distinct  physical  meaning,'^'*  but  what  that  meaning  is  we 
ire  DOt  told. 

A  sketch  of  the  estuary  accompanies  this  appendix. 

Professor  Wm.  Ferrel,  whose  mathematical  researches  in 
practical  directions  have  been  so  valuable,  contributes  two 
papers  upon  a  topic  peculiarly  his  own,  viz :  the  tides.  The 
first  is  a  orief  account  of  the  results  of  the  harmonic  analysis  of 
the  tides  at  Sandy  Hook,  1876-1881.  It  has  special  reference 
to  determining  the  constants  necessary  to  be  used  for  this  place 
in  the  tide-predicting  machina 

Incidentally  the  mass  of  the  moon  is  deduced  from  these  6 
years'  obiServations,  and  found  to  be  between  ifx  and  y^i  ^^^ 
corresponding  determination  from  the  Penobscot  Bay  tides 
being  -{j  and  from  the  Boston  tides  ^jy. 

The  second  paper,  however, — Description  of  a  maxima  and 
miDima  tide* predicting  machine — is  a  mjich  more  important 
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paper.      Besides  it  is  self-contained  and,  therefore,  does  not 
require  the  examination  of  other  papers  to  be  understood. 

After  a  brief  introductory  note  alluding  to  the  tide*predict> 
ing  machine  of  Sir  Wm.  Thomson,  first  constructed  about  1875 
and  the  subsequent  enlarged  and  improved  one  constructed 
under  the  direction  of  Mr.  E.  Roberts  in  1879,  Prof.  Ferrel 
proceeds  to  describe  and  explain,  both  theoretically  and  practi* 
cally  the  workings  of  the  machine  devised  by  him,  ana  con- 
structed at  the  Coast  and  Geodetic  Survey  Office  under  his 
direction,  for  predicting  the  times  and  heights  of  high  and  low 
water  for  any  given  station. 

In  Thomson's  machine  and  its  successor — now  in  saccessfol 
operation  for  predicting  tides  on  the  coast  of  India  the  machine 
traces  the  tidal  curve  on  a  long  strip  of  paper.  From  this 
strip  of  paper  the  times  and  heights  are  to  be  read  off  and  tabu- 
lated  in  form  for  printing  and  publication.  This  machine, 
therefore,  makes  known  the  height  of  the  tide  for  every  instant 

In  the  machine  now  first  constructed  and  described  by  ProL 
Ferrel  we  obtain  not  a  curve  giving  the  height  of  the  tide  at 
all  times;  but  for  the  particular  times  we  desire,  viz:  at  high 
water  and  at  low  water  we  obtain  the  times  and  heights* 
The  machine,  therefore,  which  gives  these  results  is  for  distinc- 
tion called  a  **  Maxima  and  minima  tide-predicting  machine," 

It  is  of  interest  to  note  that  the  theory  upon  which  the  ma- 
chine solves  the  tidal  problem  is  more  accurate  than  the  usual 
mode  of  computing.     In  the  words  of  the  author: 

''The  formulae  used  in  the  machine  are  those  best  adapted  to 
obtain  the  results  accurately  by  computation.  This,  however, 
involves  so  great  an  amount  of  labor  that  it  has  been  neces- 
sary heretofore  to  use  more  simple  formulae,  requiring  much 
less  labor  in  computation,  but  which  give  pften  only  very 
rough  approximations  to  the  true  results.  These  can  now  be 
pretty  accurately  obtained  with  scarcely  any  labor." 

Against  this  greater  theoretical  accuracy  must  be  set  off  the 
inaccuracies  due  to  mechanical  construction;  but  when  this 
has  been  done  the  machine  still  shows  results  quite  equal  to 
the  results  obtained  by  direct  computation  even  when  tested 
by  tides  so  different  as  those  at  Boston,  San  Diego  and  Tahiti. 

In  capacity  for  doing  work  the  author  estimates  the  machine 
to  be  equivalent  **  to  30  or  40  computers,  if  these  were  to  take 
account  of  everything  which  the  machine  does." 

According  to  this  estimate  we  may  say  that  if  one  computer 
could  by  the  usual  mode  of  computation  make  the  tide-tablea 
for  the  Atlantic  sea-coast  of  the  United  States  in  one  year 
without  the  machine,  then  with  the  machine  he  would  in  one 
year  predict  the  Atlantic  tides  for  the  next  30  or  40  yeara 

When  it  is  borne  in  mind  that  the  constants  for  setting  the 
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maehine  are  to  be  computed  beforehand  for  each  station,  each 
year  of  observations  by  itself  according  to  the  author's  plan, 
and  that  to  derive  the  constants  from  one  year's  observations 
will  take  an  experienced  computer  several  months,  we  see  that 
the  efficiency  of  the  machine  nas  been  counted  from  where  this 
long  preliminary  computation  left  oflF.  Practically,  therefore, 
its  present  efficiency  is  very  materially  less  than  30  computers. 

When  once  the  tidal  observations  at  a  station  have  been 
completely  put  through  the  laborious  harmonic  analysis  and 
Uie  machine  constants  calculated,  then  it  may  be  that  the  ma- 
chine can  predict  for  that  station  in  one  day  as  much  as  it 
would  take  a  computer  30  or  40  days  to  do. 

A  comprehensive  understanding  of  this  valuable  paper  is 
only  to  be  obtained  from  a  careful  study  of  the  paper  itself 
and  of  the  five  sketches  with  which  it  is  illustrated. 

We  note  that  Plate  III,  the  front  view  of  the  machine,  is  in 
the  list  of  sketches  called  hack  view,  while  Plate  IV  the  hack^ 
is  called  yraw<  view.  This  would  have  been  obviated  by  print- 
ing legends  on  the  plates  themselves. 

In  appendix  11,  Mr.  C.  A.  Schott  discusses  the  observations 
for  the  length  of  the  Yolo  base  line.  This  base  line,  it  will  be 
remembered,  is  a  very  important  primary  one  in  the  Sacra- 
mento Valley,  California,  and  is  the  measured  basis  for  the 
western  end  of  the  trans-continental  system  of  triangulation. 
The  apparatus,  of  an  entirely  new  design,  and  the  method  of 
observing  were  fully  described  in  the  report  of  1882.  We 
now  have  the  result ;  this  result  is  that  we  have  a  measured 
baseline  about  11  statute  miles  in  length,  and  the  uncertainty 
in  this  measure  is  only  about  f  of  an  inch,  or  in  meters  the 
Yolo  base  line  is 

17  486-"5119±9-57°^°^. 

In  length  the  whole  line  was  measured  twice,  and  a  part  of  it 
three  times,  and  this  by  a  corps  of  the  most  qualified  and 
experienced  men  in  the  survey.  No  known  precaution  for 
obtaining  a  measure  of  high  precision  was  omitted,  and  the  result 
obtained  now  shows  a  measure  far  surpassing  in  accuracy  any 
previous  measure  by  the  survey,  and,  with  a  single  exception, 
the  most  accurate  base  measure  yet  secured  anywhere.  Not 
the  least  satisfactory  part  of  the  whole  matter  is  the  clear 
summing  up  and  presentation  of  results  in  print.  The  appen- 
dices in  these  reports  from  year  to  year  show,  in  spite  of  good 
editing,  marked  differences  in  this  respect 

In  ihe  12th  appendix,  Asst  Schott  discusses  the  third  series 
of  observations  made,  by  Asst  Davidson  and  party  in  Califor- 
nia, for  determining  the  coeflBcient  of  refraction. 

The  diflference  of  level  of  two  stations,  Mt.  Diablo  and  Mar- 
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tinez  E-'tst,  was  determined  by  spirit  leveling  to  be  111609 
mei^Ts  (3661'7  feet).  This  difference  of  level  was  also  farther 
detennined  from  hourly  readings  of  the  barometer  for  about  40 
davs.  and  also  from  bonrly  observations  of  reciprocal  zenith 
distances  during  the  same  time,  whenever  the  weather  permit* 
ted.  The  results  by  the  three  methods  are  compared  and  some 
general  principles  deduced. 

In  the  13th  appendix,  also  prepared  by  Mr.  Schott,  we  have 
the  first  general  account,  with  results  from  magnetic  observa- 
tions, of  the  U.  S.  International  Polar  Station  at  Ooglaamie 
near  Point  Barrow,  Alaska.  Mr.  Schott  makes  very  clear  aft 
the  outset,  the  nature  and  extent  of  the  cooperation  which  the 
survey  was  able  to  give.  This  cooperation  related  solely  to 
terrestrial  mngnetism,  and  this  appendix  is  entirely  devoted  tot 
discussion  of  the  results  obtained.  Owing  to  the  want  of 
trained  observers  and  the  necessary  instruments,  whose  pro 
duetion  requires  time,  the  cooperation  the  first  year  was'Moci- 
dental  *'  rather  than  complete.  The  second  year  additional 
instruments  and  an  additional  observer  rendered  the  coopera- 
tion much  more  complete  and  satisfactory. 

Re^xular  magnetic  observations  began  December  1,  1881,  and 
continued  hourly,  with  two  short  interruptions,  till  August  S7,  \ 
1^S3,  giving  a  series  of  about  21  months.  The  observations 
during  the  year  1881-2  consisted  of  hourly  observations  of  the 
declinometer  and  dip  circle  (with  needle  weightedV  and  the 
term  day  observations.  During  the  year  1882-3,  aiflFerential 
majrnetomeiors  were  in  place  and  gave  hourly  readings  of  dfr 
clinniion.  horizontal  force  and  vertical  force.  The  absolote 
measures  of  the  elements  were  continued  through  this  second 
venr. 

The  estimate  of  Mr., Schott,  who  has  gone  over  these  records 
wi:h  laK^rious  tidtOitv  is  that  the  "renonfc  and  results  hen^ 
\c:t\  v'^<f''ttii  art  the  outcome  of  faiithM  labor^  and  are  believed  to 
}ff  .:j  i?.>r:nii6iV  contrihuOon  to  our  knowledge  of  magnetism  M 
•:v:".  ^T:.r.jV<,  and  it  is  (honijAt  that  (n  the  second  ytar^  at  least, 
!  f^  •^.v-^.w  iciu  pr^Mt  to  he  a  i\xiuable  part  of  the  material  QOCif- 
wr,..'':f»i  :y -J-.i  fevfrai  ejr/iedftionsS*  We  hasten  to  add  to  this 
iVr.:  M".  Se?:o;:'s  exi^rienct\  skill  and  diligence  in  the  discos- 
?\'  :f  !risrr.T-::c  olv^ervatiiVis  are  sh«>wn  by  the  long  series  of 
vir.r'rT^  :-  :•  -<  su'jtxr:  trvm  his  fH»n  during  the  past  thirty 
Tf^j.-s.  IT  .  1  :b-T^  f.^'e,  h-v*  has  sucvvevievl  in  extracting  a  **ooq* 
\r  :  -.'<'  :.  -  ir  k-^wl-v.ce"  fr^mi  a  series  of  obeenrmtioos  that 
rcTr::.'  5tr-  i>  s»*  L  vx^-:::^  tTo:iv>nsw  imix>rtant  omissions  and 
Of  >:*«-v  .. :  T  :r  r^  ^at  ixiren:  inj^vnuitv  and  skill  can  htr- 
S'TiBf  *v*-  r:r^:-v.  re  aoserve?  our  hearty  ihanksL  ^o  ona 
'fiie^trrit*!  :  :*es:i  :y  o?  :erTes?:risI  magnetism  ia  ignorant  of 
itr*  fmr;   zz,Li   is  own    earlier  obiserratK^QS  weie   poor,  andL 
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nproved  with  experience.  We  may,  therefore,  judge  the 
hftracter  of  these  oDservations  when  we  know  that  not  a  single 
aember  of  the  parly  at  Point  Barrow  had  ever  made  the  sim- 
dest  determination  of  a  magnetic  element  when  assigned  to  this 
lork.  That  the  observers  obeyed  orders  and  did  the  best  they 
9DQld  18  not  to  be  doabted  for  a  moment.  Nor  is  it  any  less 
xrtain  that  they  were  all  inexperienced  in  magnetic  work,  and 
Ihit  therefore  their  observations  are  bad,  many  of  them  very 
bd.  The  extraordinary  torsion  correction,  for  the  proper  deter- 
•ination  of  which  no  proper  data  were  furnished  and  which 
mount  to  5i^  I  in  some  cases,  will  illustrate  the  difficulties  con- 
ioDting  the  author  beginning  his  reductions  and  compu- 
1iti«»ns. 

The  finally  adopted  values  of  the  magnetic  elements  at  the 
nation  from  all  the  observations  available,  are. 

Declination  36**  37'-2  E.      (Epoch  Mar.  1,    1883). 

Dip  81**  23'-4  (Epocn  October,  1882). 

Hor.  force  (Br.  units)  1-939       (Epoch  October,  188.'). 

rhe  results  for  absolute  declination  as  derived  from  the  com- 
wtations  by  the  observers  themselves  varied  from  35^°  to 
tl|^;butfor  the  greater  part  the  mean  declination  obtained 
vas  about  41^°  E.  The  value  which  from  a  comparison  ol  all 
Sie  conflicting  data  Mr.  Schott  has  been  obliged  to  adopt  is,  as 
ibove  given,  some  5^  degrees  less  than  this. 

The  report  of  Asst.  Edwin  Hergesheimer  on  standard  topo- 
paphieal  drawings  consists  of  two  p.iges  of  letterpress  and  16 
iDpoj^raphical  drawings  which  are  designed  and  execuicd  as 
■lodels  for  the  use  and  guidance  of  those  engaged  in  t<>po- 
«apby.  The  author  himself  says  they  are  design  el  as 
'guides  for  inking  the  original  plane  table  sheets  of  the  Cmst 
id  Geodetic  Survev,"  in  other  words  as  model  sheets.  As 
ridence  that  ihey  satisfy  this  requirement  it  may  be  said  that 
Iready  two  large  technical  schools  in  this  country  have  onl'red 
Urge  number  of  copies  of  this  report  for  use  as  a  text  book 
topography.  Excellent  as  are  these  drawings,  even  niter 
Br  iransler  to  the  stone,  the  imf)ressions  from  the  onjinal 
)per  plate  are  yet  more  satisfactory,  while  the  original  draw- 
of  Mr.  Hergesheimer  represent  the  highest  attain miMits 
bos  far  achieved  in  t«)pographical  represenUition. 
Appendices  15  and  16  contain  brief  reports  on  the  Tr.m-it  of 
fereury  in  1881  and  of  Venus  in  1^5(^2,  while  appen<lix  17  is  a 
brief  report  by  E.  D.  Preston,  consisting  of  a  s  atement  <»t  the 
^ork  done  by  him  in  connection  with  the  observations  oi  the 
Olar  eclipse  of  May,  1883. 

Appendix  18  is  a  new,  revised  and  enlarged  edition  of  Prof, 
lavidoa's  catalogue  of  time  and  circuinpolar  stars  puhli.^hed 
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in  1874.  The  namber  of  stars  in  the  old  catalogue  was  983|. 
while  in  this  one  there  are  1278,  and  the  epoch  is  18850. 

The  final  appendix,  No.  19,  is  on  gravity  determinations  at 
Alleghany,  Ebensburgh  and  York,  Pennsylvania,  in  1879  aod 
1880,  by  As9t.  C.  S.  Peirce.  From  notes  in  the  midst  of  the 
paper  we  learn  that  this  is  only  a  part  of  a  separately  printecl 
paper  on  the  same  subject  in  which  the  details  are  given.  For 
an  understanding  of  the  method  of  obtaining  results  reference- 
must  be  had  to  previous  publications  by  the  same  author. 

The  resulting  length  of  the  seconds-pendulum,  expressed  ia 
meters,  at  the  three  stations  of  which  the  paper  treats  are  a^ 
follows : 

Alleghany 0™-993  0308 

Ebensburgh 0  -993  0244 

York 0  -993  063 

the  latter  determination  being  less  stt  ong  than  the  two-  \ 
preceding. 

We  have  looked  with  interest  to  these  results  to  leara 
whether  a  station,  as  Ebensburgh  on  the  crest  of  a  mountaia 
chain  and  more  than  2000  feet  above  the  sea-level,  would 
reveal  an  excess  or  deficiency  of  gravity,  but  upon  this  matter 
the  author  makes  no  statement. 

The  sketches  at  the  close  of  the  volume  revealing  the  pro- 
gress of  the  survey  during  the  year  are  prepared  from  plates- 
which  have  seen  service  many  jears,  and  this  fact  appears 
in  a  variety  of  ways,  particularly  m  the  titles  of  which  the  later 
are  much  improved  in  appearance  over  the  earlier  ones. 

A  general  comparison  of  this  report  with  those  preceding  it 
by  a  few  years  indicates  an  improvement  in  arrangement,  and 
a  closer  adaptation  to  the  present  conditions  of  the  work^ 
Special  prominence  is  given  to  discoveries  and  developments 
having  an  immediate  bearing  on  the  interests  of  commerce  aod 
navigation.  In  the  scientific  value  and  practical  bearing  of  the 
papers  published  in  the  Appendices,  the  Report  compares  well 
with  its  predecessors. 
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Xn. — On  Combinations  of  Silver  Chloride^  Bromide  and 
lide  with  Coloring  Matters;  by  M.  Carey  Lea,  Philadelphia. 

EILE  studying  these  silver  salts  in  May  last,  I  found  that 
had  the  remarkable  property  of  entering  into  chemical 
ination  with  many  coloring  matters  very  much  in  the 
way  that  aluminsT  does,  though  not  to  the  same  extent, 
ng  what  may  be  called  lakes.     It  is  only  necessary  to 

freshly  precipitated  and  still  moist  silver  salt  into  con- 
with  the  coloring  matter,  or  to  make  the  precipitation  in 
resence  of  the  coloring  matter  if  the  latter  is  not  precip- 
1  by  silver  nitrate,  when  the  combination  takes  place  and 
oloring  matter  cannot  be  washed  out  by  any  amount  of 
ing.  A  prolonged  absence  following  immediately  after 
}revented  the  continuation  of  the  investigation.  It  is  still 
nplete  and  the  leading  facts  only  are  mentioned  here  to 
data 

)t  all  coloring  matters  are  capable  of  uniting  with  the 
r  salts,  but  the  number  of  those  that  do  so  unite  is  consid- 
e.  What  is  curious  and  tends  to  show  that  the  combina- 
is  intimate  is  that  the  color  assumed  by  the  silver  salt  is 
Iways  that  of  the  dye,  but  may  differ  from  it  considerably. 

the  three  silver  salts  may  be  differently  colored  by  one 
:he  same  coloring  matter. 

>re  frequently,  however,  coloring  matters  impart  their 
shade  or  something  approaching  to  it;  thus,  silver  bro- 

preci  pita  ted  in  presence  of  excess  of  silver  nitrate  takes 
aniline  purple  a  strong  purple  color;  from  cardinal  red  a 
It  flesh  or  salmon  color;  from  napthaline  yellow  a  light 
w color;  from  eosina  brilliant  pinkish  or  salmon,  and  soon. 
B'erent  specimens  of  the  same  color  gave  sometimes  quite 
•ent  results;  tluis  silver  bromide  precipitated  in  presence 
ver  nitrate  was  dyed  by  one  specimen  of  metliyl  green  to 
lish  green.     Another  specimen  of  the  same  color  obtained 

a  different  source  colored  the  same  silver  salt  a  deep 
lish  shade.  Silver  iodide  showed  the  same  difference, 
xteen  years  ago,  I  proposed  to  color  or  stain  the  phoio- 
hic  film  in  order  to  modify  its  behavior  towards  light; 
3ipally  to  prevent  blurring  or  irradiation.* 
I  many  coloring  matters  then  tried,  the  best  proved  to  be 
as  colored  red  by  acetic  acid.  This  was  very  effectual  for 
purpose  and  was  long  used  by  others  as  well  as  myself, 
ar  as  I  have  been  able  to  ascertain,  it  was  the  first  sugges- 
made  of  this  mode  of  acting  on  the  sensitive  f)late.     Since 

*  British  Journal  of  Photography,  1868,  210,  506  ;  1870,  U6,  etc. 
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then  staiDing  the  film  has  been  found  to  have  other  applica 
tions  and  noiany  others  have  experimented  in  this  direction,  ic 
most  cases  with  a  view  to  alter  its  sensitiveness  relatively  tc 
the  diflFerent  colors  of  the  spectrum.  Major  Waterhouse  was, 
I  believe,  the  first  to  recognize  this  effect. 

Dr.  John  W.  Draper  appears  to  have  first  advanced  the 
view  that  substances  sensitive  to  light  are  affected  by  the  rays 
which  they  absorb.  There  is  much  to  support  this  theory^ 
although  it  cannot  be  considered  as  deffnitely  established. 

Some  years  since  Dr.  H.  W.  Vogel  expressed  the  opinion 
that  when  sensitive  films  were  washed  over  with  solutions  of 
coloring  matters,  the  films  gained  sensitiveness  to  those  ra^f 
of  the  spectrum  which  the  coloring  matters  absorb,  with  this 
condition,  that  the  coloring  matter  in  question  must  be  capable 
of  combining  with  01,  Br,  or  I,  as  the  case  might  be.  My 
own  results  were  different.  I  found  that  the  action  of  the  ray» 
was  profoundly  modified  by  coloring  the  film,  but  the  result 
did  not  seem  to  conform  to  any  law,  and  as  often  contradicted 
Vogel's  view  as  agreed  with  it. 

Vogel's  theory  necessitates  the  assumption  that  the  color 
imparted  to  the  silver  salt  is  identical  with  that  of  the  dve 
used,  and  as  has  been  shown  above,  that  by  no  means  followa. 
He  supposed  that  the  capacity  of  any  given  color  to  infla- 
ence  the  silver  salt  depended  upon  its  tendency  to  combine 
with  CI,  Br,  and  I,  whereas,  as  we  have  above  seen,  its  action 
most  probably  depends  upon  its  ability  or  inability  to  combine 
with  the  silver  haloid. 

But  the  principal  source  of  error  has  arisen  from  the  fact 
that  when  the  film  is  stained  the  effect  is  necessarily  a  confused 
one.  Besides  any  influence  that  may  be  exerted  on  the  parti- 
cles of  silver  haloid,  these  particles  are  virtually  behind  a 
color  screen,  which  must  materially  modify  the  nature  of  the 
light  that  reaches  them,  and  the  final  effect  must  necessarily 
be  a  combination  from  two  distinct  causes.  Moreover,  the 
color  in  the  film  tends  to  arrest  precisely  those  rays  to  which 
it  is  proposed  to  render  the  silver  salt  more  sensitive ;  a  con- 
sideration of  the  utmost  importance,  for  the  one  action  tends 
to  counteract  the  other,  and  thus  leads  to  inextricable  confa- 
sion.  From  a  system  of  experiments  so  faulty  no  just  conclo- 
sions  could  be  drawn. 

Whether  with  these  sources  of  error  eliminated  Draper*! 
view,  that  a  sensitive  substance  is  influenced  by  those  rayi 
which  it  absorbs,  can  be  applied  to  these  new  combination 
which  I  have  here  described,  is  a  matter  on  which  I  am  noi 
prepared  to  express  an  opinion,  having  been,  much  to  mj 
regret^  unable  as  yet  to  examine  the  question.  It  seems  i 
priori  probable,  but  in  that  case  it  is  important  to  observe  tha 
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^t  will  depend  firstly^  upon  the  capacity  of  the  dye  to  com- 
Uh  the  silver  haloid;  and  secondly,  not  on  the  proper  color  of 
\  isolated^  but  on  the  color  that  the  silver  haloid  acquires 
lis  action,  which  as  we  have  already  seen  may  be  some- 
jaite  different  from  the  color  of  the  original  dye. 
ve  observed  that  the  silver  salts  are  greatly  changed  by 
sioQ  into  lakes,  even  when  the  color  imparted  is  bat 
They  becon\e  in  some  cases  much  more  finely  divided 
main  long  in  suspension.  In  one  case  at  lei^st,  a  great 
«  of  sensitiveness  to  light  for  development  was  ob- 
Later  I  shall  hope  to  give  more  dt-finite  details  on 
K>ints. 

be  above  facts  will  doubtless  be  found  an  explanation  of 
^f  the  anomalies  in  the  behavior  of  colored  films  which 
aoaed  such  wide  differences  of  opinion.  And  the  new 
of  operating  deducible  from  the  reactions  here  described 
think,  be  found  of  extended  utilitv.  Silver  salts  can  be 
irst  and  emulsified  afterwards,  and  the  ability  to  color 
Qsitive  salt  to  any  shade  with  certainty  and  without 
icing  a  counteracting  influence  into  the  film  gives  a  new 
in  photochemistry. 


XIII. — On  (he  present  state  of  our  knowledge  of  Refraction 
Equivalents;  by  Dr.  J.  H.  Gladstone,  F.R.S. 

is  well   known   that  every   substance   has  its   refractive 

but  this  varies  with  change  of  temperature  or  pressure, 

J  the  passage  from  the  fluid  to  the  gaseous  or  solid  con- 


specific  refraction  of  a  substance,  that  is  the  refractive 
mmus  unity  divided  by  the  density,  does  not  vary  under 
ove  circumstances,  or  varies  but  little. 
;  specific  refraction  multiplied  by  the  atomic  weight  is 
d  the  Refraction  Equivalent  of  a  body;  and  it  is  a  law 
ed  from  a  very  large  number  of  observations  by  several 
imenters  that  the  refraction  equivalent  of  a  compound 
is  the  sum  of  the  refraction  equivalents  of  its  constituents, 
this  law  held  true  absolutely  (like  the  analogous  law  in 
d  to  atomic  weights),  we  could  draw  up  a  table  of  the 
ction  equivalent  of  each  element,  and  show  some  curious 
suggestive  relations  between  them;  we  could  calculate 
rehand  the  refraction  of  every  compound  body  if  we  only 
ir  its  specific  gravity ;  and  there  the  value  of  the  investi- 
on  would  probably  cease. 
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Bat  the  law  does  not  hold  good  in  every  instance.  Tb 
refraction  equivalents  of  the  elements  vary  with  a  change  o 
valency,  or  mode  of  combination,  and  thus  the  study  of  then 
is  capable  of  affording  valuable  insight  into  the  chemica 
structure  of  compound  oodies. 

This  fact  has  been  recognized  for  several  years,  but  dsi 
researches  of  Briihl,  published  about  three  years  ago,  drei 
far  more  attention  to  it,  especially  as  he  showed  that  wbereve 
a  carbon  atom  is  in  that  condition  which  chemists  often  exprea 
as  ** double  linked"  its  refraction  equivalent  is  no  longer  5'0 
but  6"1,  and  that  oxygen  in  organic  compounds  has  two  equiv 
alents  according  to  its  manner  of  linking.  During  the  paai 
twelve-month  papers  have  appeared  on  this  subject,  not  onlj 
in  England,  but  in  other  countries,  especially  by  Nasini  A 
Rome,  Klanonnikow  of  the  Kasan  University,  G.  Quincke,  and 
Bleekrode  of  the  Hague. 

These  recent  papers  have  not  only  added  largely  to  our  dati 
but  they  have  had  an  important  bearing  on  several  branches  oi 
the  subject;  for  instance: — 

1st.  They  have  thrown  fresh  light  on  the  physical  questioni 
at  the  basis  of  the  enquiry.  Thus  Bleekrode,  in  a  commom* 
cation  made  to  the  Royal  Society  of  London,  has  examined 
the  specific  refraction  of  eleven  liquified  gases,  and  has  shown 
that  it  is  the  same  for  the  liquid  and  the  gaseous  conditions,  at 
least  within  limitis  that  may  probably  be  attributed  to  the 
errors  incidental  to  so  difficult  an  enquiry.  Kanonnikow  has 
given  additional  proofs  that  the  specific  refraction  of  a  salt  or 
other  solid  body  is  not  altered  by  solution.  It  has  been  shown 
more  fully  than  before  that  the  specific  refractiqn  is  a  constanl 
unaflfected  by  change  of  volume  due  to  pressure.  There  il 
also  an  accumulated  mass  of  evidence  that  this  same  proper!) 
is  not  changed  by  ordinary  chemical  combination. 

2d.  These  investigations  have  rendered  the  deiermi nation 
of  the  refraction  equivalents  more  exact.  Thus  Kanonnikoi 
has  examined  salts  of  the  meials  contained  in  the  two  fin 
columns  of  Mendelejeffs  table,  with  results  not  diflfering  wideh 
from  those  previously  obtained  by  the  author;  and  Nasini  ha 
determined  two  values  for  sulphur.  From  these  and  othe 
recent  researches  the  author  has  been  induced  to  revise  th 
table  printed  by  him  in  the  Philosophical  Transactions  of  186 
with  the  result  given  below.* 

3d.  Deductions  have  been  drawn  as  to  the  chemical  constiU 
tion  of  various  organic  bodies.  Some  of  these  are  at  preseai 
the  subject  of  discussions  by  Flavitzky  and  others  in  variott] 

*  SiDce  the  paper  was  read  at  Montreal  some  of  the  atomic  weights  have  M 
advised  in  accordance  with  the  recent  determinations  of  Professor  Garkeid 
others.  1 
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ental  joarnaI&  As  the  last  instance  of  such  deduction 
thor  had  examined  the  optical  properties  of  pent'ine  and 
ae,  C,H^  just  described  by  Tilden,  and  had  come  to  the 
ision  that  they  differ  constitutionally  from  the  terpenes 
*ene8,  Cj,H„,  and  have  no  less  than  four  of  the  carbons 
;  linked :  they  must  therefore  be  expressed  by  a  chain 
[a  like  pentane,  G.Hj,,  and  amylene  C.Uj 
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XIV. — Decay  of  Qaartzffte:   Pseudo-hreccia  ;  by  James  D. 

Dana. 


he  paper  on  the  "Decay  of  Quartzyte"  published  in  the  last 
le  of  this  Journal,  I  briefly  mentioned  the  occurrence  of 

of  quartz  crystals  coating  the  surfaces  of  cavities  in  the 
3lored  banHs  and  covering  also  the  limonite  in  the  larger 
38.  I  said  nothing  on  the  origin  of  these  evidently  recent 
5  deposits.     I  add  here  the  only  fact  as  yet  obtained  that 

to  bear  on  the  subject.     The  mass  of  quartzyte  shows  by 
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the  occurreDce  in  it  of  a  few  large  ragts^ed  cavities,  and  also  of 
many  minute  holes  near  and  also  away  from  the  colored  bands, 
visible  under  a  common  lens,  but  better  in  thin  sections  under 
a  compound  microscope,  that  the  rock  probably  contained  grain* 
and  larger  pieces  of  feldspar.  If  so,  alkaline  silicated  solutions 
(derived  from  the  action  of  carbonated  waters  on  the  feldspar) 
may  have  been  the  source  of  the  crystals.  So  much  of  the 
quartzyte  of  Berkshire  is  of  this  feldspathic  character  that  the 
supposition  is  reasonable ;  but  more  facts  are  needed  to  sustain 
it.  The  feldspar  (orthoclase)  in  the  quartzyte  of  Cheshire  and 
Washington  (referred  to  in  the  former  article)  occurs  both  ia 
fine  grains  and  large. 

In  the  making  of  the  pseudo-breccia  the  iron-colored  bands 
are  largely,  as  I  stated,  only  stained  quartzyte,  the  staining 
due   to   the  spreading  of  the  oxide   either  side  of   a  crack. 
This  is  well  seen  in  thin  sections.     The  crack  is  generally  a 
result  of  the  wedging  action  consequent  on  the  deposition  of 
the  iron  oxide-  within  an   incipient  crack  or  opening.     This 
wedging  action,  in  most  of  the  pseudo-breccia  specimens  I  have 
collected,  has  been  small,  the  pieces  Ij^ing  very  nearly  in  place, 
notwithstanding  the  appearance  of  large  displacement  occa- 
sioned by  the  spread  of  the  oxide.     But  in  one  of  the  speci- 
mens it  IS  relatively  large,  some  of  the  intervals  between  the 
pieces  being  a  sixteenth  of  an  inch  wide.     Where  the  width  is 
greater  than  this,  piepes  of  the  quarzyte  occur  within  the  band 
of  oxide  that  are  results  of  the  septation  process.     In  the  speci* 
men  here  referred  to  the  oxide  is  oxide  of  manganese.     In  the* 
wider  Of)enings  it  makes  mammillary  crusts  over  the  opposite 
surface  of  the  fissures,  but  extends  across  the  fissure  in  some 
parts.     There  are  no  quartz   incrustations.     The  opening  of 
cracks  by  a  wedging  action  from  the  slow  depositing  of  a  crys- 
tallizing mineral  substance  is  finely  illustrated  in   the  well- 
known  split  and  enlarged  heads  and  stems  of  crinoids,  from  the 
Sub-carboniferous  litaestones  of  Indiana,  Illinois,  etc.,  in  which 
the  introduced  mineral  is  quartz.     The  specimen  here  referred 
to  (three-fourths  of  a  pound  in  weight)  is  one-sixth  manjzant'se 
oxide,  and  consequently  the  oxide  must  have  come  from  an 
external  source.     It  was  obtained  at  one  of  the  Limonite  ore* 
beds  near  the  eastern  foot  of  Mt.  Washington,  where  manga- 
nese oxide  was  the  chief  product;  and  it  was  originally  a  mass 
of  quartzyte  in  the  drift;  there  is  no  quartzyte  in  place  in  the 
vicinity.     It  contains  some  scales  of  a  silvery  muscovite. 
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SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

^iscosity  of  gases. — The  leading  article  in  the  Anualen  der 
:  und  Chemie,  No.  11,  1884,  is  upon  the  validity  of  Max- 
formula  for  A'iscosity.  The  author,  Hr.  Otto  Schumann, 
ip  the  results  of  his  late  investigation  as  follows  : 
Maxwell's  formula  gives  under  certain  conditions,  and  at 
temperatures,  discrepancies  which  cannot  be  accounted  for 
Its  of  observation. 

By  means  of  a  coefficient  of  correction  Maxwell's  formula 
made  to  give  at  ordinary  temperatures  results  which  agree 
ith  the  transpiration  method. 

The  transpiration  method  gives,  on  account  of  absorption,. 
*ge  values  for  the  viscosity  of  gases  at  higher  temperatures^ 
^sults  for  steam  are  too  small. 

The  dependence  of  the  viscosity  upon  the  temperature  in- 
s  with  the  same. 

The  coefficients  of  viscosity  of  all  vapors  investigated  by 
thor  have  approximately  the  same  temperature  function. 
Puluj*s  relation  between  ^wave-lengths  and  index  of  refrac- 
ncrelises  for  the  vapors  of  homologous  ethers  with  the 
ponding  temperatures. — Ann,  der  Physik  und  Chemie^  No» 
84,  pp.  353-403.  j.  T. 

distribution  of  electric  lighting  over  great  distances, — At 
te  International  Electrical  Exposition  in  Turin  a  committee 
ed  upon  this  subject.  M.  Tresca  gives  the  results  reached 
8  committee  in  a  communication  to  the  French  Academy. 
Gaulard  and  Gibbs  established  between  the  station  of 
and  intermediate  stations  a  circuit,  of  which  the  total 
I,  including  the  return  circuit,  was  80  kilometers.  The 
»'a8  a  chrome  bronze  3*7  millimeters  in  diameter  and  un- 
m1.  The  current  was  an  alternating  one,  produced  by  a 
n's  dynamo  of  30  horse-power  type,  and  the  circuit  was 
red  so  that  the  electrical  energy  could  be  utilized  simulta- 
y  by  different  methods  of  lighting  in  the  exposition 
ng,  in  the  station  at  Turin,  at  Lanzo,  or  at  intermediate 
lis.  This  utilization  was  accomplished  by  means  of  sec- 
y  generators  of  peculiar  construction,  which  have  been 
'd  by  MM.  Gaulard  and  Gibbs. 

the  25th  of  last  September  there  was  in  regular  operation 
llowing  apparatus : 

At   the  exposition  building   9  Bernstein   lamps,   1   Soleil 
1    Siemen's   lamp,  9   Swan    lamps  and  5  other  Bernstein 
at  a  short  distance.     All  of  these  lamps  required  different 
tials. 

At  the  station  of  Turin-Lanzo,  distant  10  kilometers,  34 
n  lamps  of  16  candle  power;  48  of  8  candle  power,  and  one 
til's  arc  light. 
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On  the  29th  of  September  the  system  included  the  station  o 
Lanzo,  distant  40  kilometers,  where  24  Swan  lamps,  requiriaj 
100  volts,  were  maintained  with  perfect  regularity.  The  numhe 
of  transformations  which  diverse  methods  of  lighting  require  cai 
be  effected  by  means  of  a  system  of  secondary  generators,  wbicl 
permit  of  the  transmission  of  the  electrical  energy  produced  bj 
alternating  machines  to  a  distance  of  at  least  40  kilometers  (abou 
24-2  miles).— (7om»fe«  Eendua^  Oct.  6,  1884,  p.  649.  J.  t. 

3.  Heat  and  Electricity, — F.  Kohlrauscu  has  supported  ih« 
theory  that  the  phenomena  of  thermo-electricity  result  from  tht 
interchange  of  heat  and  electricity,  the  one  carrying  the  othei 
and  interchanging  energy.  This  theory  has  been  called  tht 
MitfiXhrungatheorie,  Budde  acknowledges  that  this  theory  ex 
plains  many  of  the  phenomena  of  thermo-electricity,  and  snowi 
how  the  theory  can  explain  the  relation  between  the  therrao 
electric  force  and  the  diflterence  of  temperature  of  the  thermo-eleo 
trie  junctions;  but  he  discovers  in  the  principles  of  therrao 
dynamics  objections  to  the  conveyance  theory.  Kohlrauseh  doe! 
not  urge  any  crucial  experiment,  for  none  exists  which  can  tesl 
the  truth  of  the  contact  theory  or  the  conveyance  theory. 

Budde  urgoB  as  an  objection  to  the  conveyance  theory  that  Id 
-order  to  agree  with  the  second  law  of  thermo-dynamics  it  requires 
that  the  phenomenon  of  the  thermo-electric  chain  should  be 
expressed  by  means  of  a  quadratic  expression  as  a  function  of  ihe 
temperature.  Kohlrausch  shows  that  Avenarius,  Tait,  Ammann 
and  himself  had  been  led  to  this  quadratic  expression.  Budde 
does  not  believe  that  the  results  obtained  by  these  investigators 
will  be  true  at  higher  and  lower  temperatures.  Kohlrauscb  in 
turn  remarks  that  the  metals  when  changed  through  great 
ranges  of  temperature  cannot  be  considered  as  the  same  raetak 
The  principal  objection  of  Budde  against  the  theory  that  elec- 
tricity carries  heat  with  it  and  that  there  is  a  constant 
interchange  between  electricity  and  heat  in  thermo-electric  phe- 
nomena, lies  in  this,  that  one  can  perceive  that  there  should  be 
differences  of  distribution  of  heat  when  there  are  differencep  of 
heat  level ;  but  it  is  difficult  to  perceive  that  there  should  be  an 
electrical  current  where  there  is  no  such  difference.  Kohlrausch 
remarks  that  in  a  pipe  which  conveys  steam  no  difference  of  tem- 
perature is  necessary  in  order  that  heat  can  be  conveyed  from 
one  place  to  another  bya  difference  of  pressure.  The  conveyance 
of  heat  by  electricity  is  conceivable,  and  this  conveyance  can  be 
supposed  to  take  place  unequally  in  different  substances.  Kohl- 
rausch believes  that  the  MitfiXhrimg8the<>rie  and  the  contact 
theory  do  not  exclude  each  other,  and  that  they  may  both  hi 
appealed  to  to  explain  thermo-electricity. — Ann,  der  Physik  um 
Chemiey  No.  11,  1884,  pp.  477-481.  j.  T. 

4.  Tfiermo^lectric  relations  of  amalgams, — The  peculiar  char 
acter  of  mercury  makes  it  very  suitable  for  a  standard  of  electri 
<5al    resistance,  and   C.   L.  Weber   urges  its   employment    as 
standard  metal  of  reference  in  thermo-electricity  instead  of  lea^ 
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»r  pure  silver.  No  thermo-electric  current  has  been  shown  to 
(list  between  unequally  heated  portions  of  pure  mercury.  The 
latbor  has  investigated  the  thermo-electric  relations  between 
imalgams  of  mercury  and  other  metals,  and  finds  the  following 
thermo-electric  series 'for  amalgams  of  0*5  portions  by  weight  of 
the  following  metals  with  100  parts  of  mercury:  tin,  silver,  lead, 
dnc,  cadmium,  bismuth. — Ann,  der  Physik  und  Chemie,  No.  11, 
1884,  pp.  447-476.  J.  T. 

5.  Mementary  Text-hook  of  Physics  ;  by  Professors  William 
A.  Anthony  and  ("trub  F.  Brackett.      Part  I,  246  pp.    8vo. 
New  York,  1884.     (John  Wiley  &  Sons.) — The  appearance  of  a 
Dew  text-book  of  Physics  at  this  time  is  a  matter  of  some  import- 
ance.    The  rapid  recent  development  of  the  subject  in  its  various 
departments  has  served  to  make  the  older  books  antiquated  and 
uDsatisfaetory,  and  many  teachers  will  have  been  perplexed  by 
the  inability  to  find  a  work  suited  to  the  special  needs  of  their 
instruction.     To  what  extent  the  volume  now  offered  will  satisfy 
them  will  depend  somewhat  upon  the  character  of  the  instruction 
they  di^sire  to  give.     Part  I  includes  in  Book  I  the  Introduc- 
tion and  the  development  of  the  subject  of  Mechanics,  embracing 
the  mechanics  of  masses,  universal  gravitation,  molecular  me- 
chanics and  the  mechanics  of  fluids.     Book  II  is  devoted  to  the 
subject  of  Heat.     The  remaining  departments  of  Electricity  and 
Magnetism,  Acoustics  and  Optics  are  to  follow  in  Part  II.     So 
far  as  can  be  judged  from  the  portion  of  the  work  issued,  it  has 
•ome  good  features  which  will  commend  it  to  those  interested,  but 
it  is  not  hard  to  find  points  to  criticize.      The  subject  matter  is 
often  difficult  and  the  discussion  of  many  topics  is  too  general  to 
be  easily  grasped  by  a  beginner;  more  difficult,  in  fact^than  is  en- 
tirely consistent  with  the  size  and  apparent  object  of  the  book.    The 
learner  is  told  that  only  simple  mathematics  are  required,  and 
jet  he  is  soon  introduced  to  the  difierential  coefficient,  and  ex- 
pected to  understand  the  idea  of  summation.     The  nature  of  heat 
u  regarded  as  satisfactorily  explained  by  the  statement  that  it  is  '^  a 
form   of    energy,"    and    yet    nothing    is    given  *in    the    earlier 
part  of  the  volume  from  which  the  student  can  learn  what  the 
term  energy  embraces,  or  what  the  different  forms  of  energy  are, 
nor  is  the   principle  of  the   conservation  of  energy    discussed. 
Certainly  an  elementary  text-book  which  does  not  at  the  outset 
explain   the  fundamental   principle   of  modern   physics  is  very 
iocomplete. 

6.  Indexes  to  Chemical  Literature,  —  The  Committee  on 
bdexing  Oheroical  Literature,  consisting  of  Professors  H.  Car- 
rington  Bolton  (Chairman),  Ira  Hemsen,  F.  W.  Clarke,  Albert  K. 
Leeds,  Alexis  A.  Julien,  presented  a  report  at  the  last  meeting  of 
the  American  Association  lor  the  Advancement  of  Science.  This 
report  gives  a  list  of  indexes  already  published,,  with  the  name  of 
the  compiler  and  the  place  of  publication.  The  list  includes  in- 
dexes to  the  literature  of  the  following  subjects :  Uranium,  man- 
ganese, titanium,  vanadium,  ozone  (1875-18V9  and   1879-1883), 
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peroxide  of  hydrogen  (1818-1878),  electrolysis  (1784-1880),  speed 
of  chemical  reactions,  starch  sugar,  peroxide  of  hydrogen,  diction- 
sry  of  the  action  of  heat  upon  certain  metallic  salts  including  an 
index  to  the  principal  literature  upon  the  subject. 

The  committee  also  announces  that  indexes  have  been  offered, 
or  are  in  progress  of  preparation,  by  different  gentlemen,  to  the 
literature  of  the  following  subjects:  carbon  monoxide,  meteorites, 
arsenic,  explosives,  phosphorus,  uranium  (a  second  index). 

In  conclusion,  the  committee  announces  that,  in  consequence  of 
their  representations,  the  Smithsonian  Institution  has  consented 
to  publish  Indexes  to  Chemical  Literature  which  shall  be  endorsed 
by  this  committee.  The  Smithsonian  places  a  limit  to  the  num- 
ber of  pages  which  will  be  printed  per  annum,  but  the  limit  is  a 
generous  one.  By  thus  securing  the  assistance  of  the  Smithso- 
nian Institution,  chemists  are  assured  of  a  reliable  and  authorita- 
tive channel  of  publication,  together  with  a  wide  circulation,  and 
the  plan  of  cooperative  indexing  will  undoubtedly  receive  a  great 
stimulus.  It  is  also  stated  that  a  limited  number  of  the  indexes 
published  by  the  New  York  Academy  of  Sciences  can  be  had  by 
addressing  the  Chairman  of  the  Publication  Committee  of  the 
Academy,  Professor  D.  S.  Martin,  236  West  4th  street,  New 
York  City. 

II.   Geology  and  Mineralogy. 

1.  Geology  of  the  Scottish  Highlands. — The  important  paper 
of  Prof.  Archibald  Geikie,  Director  of  the  Geological  Survey  of 
Great  Britain,  reprinted  from  Nature,  of  Nov.  13,  on  pages  10  to  15 
of  this  nunjber  is  followed  by  a  special  report  on  the  Geology  of  tht 
Northwest  of  Sunderlatid  by  the  geologists  of  the  Survey  whose 
work  called  forth  that  paper,  Messrs.  IJ.  N.  Peach  and  John 
HoRNK,  the  former  in  charge  of  the  investigation.  The  results, 
besides  settling  a  question  in  Scottish  geology  that  has  been  long 
under  discussion,  illustrate  a  principle  in  geological  dynamics,  that 
of  lateral-thrust  in  great  displacements,  which  is  of  the  highest 
importance.  We  cite  the  stratigraphical  section  of  the  report, 
with  a  few  accompanying  paragraphs,  referring  to  the  original 
article  in  Nature  for  the  rest  of  the  details. 

"As  the  observer  passes  eastward  along  the  magnificent  quartz- 
ite  sections  on  Crag  Dionard  and  Conamheall,  south  of  Loch 
Eriboll,  he  cannot  fail  to  note  the  numerous  flexures  of  the  strata, 
and  especially  the  peculiar  type  of  their  sharp  anticlinal  folds. 
As  a  rule,  the  eastern  limb  of  each  of  these  folds  dipA.at  a  gentle 
angle  to  the  southeast,  while  the  west  limb  is  highly  inclined, 
vertical,  even  inverted,  or  sometimes  broken  by  a  reversed  fault, 
the  effect  of  which  is  to  bring  lower  over  higher  beds.  These 
reversed  faults  {t,  t  t  in  Section)  become  more  numerous  east- 
ward. They  are  admirably  displayed  both  in  ground-plan  and 
dip-section  on  the  shore  north  of  Ueilim,  where  they  repeat  the 
Tarious  zones  ranging  from  the  "  pipe-rock "  to  the  £ilan  Dubh 
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«tone  (Group  II.).  The  strike  of  the  reversed  faultn  rangea 
be  whole  with  tbftt  of  the  strata  traversed,  and  their  bade  is 
ioed  at  a  higher  angle  than  the  dip  of  the  latter,  the  dider- 

j  ence    generally    amounting     to 

<i             B  about  10°.    Inland  from  the  cuast- 

ij3        I  section,  north  of  Heilim,  to  the 

3E^        g  base  uf  Ben  Arnaboll,  the  zones 

?.<*         t  just  mentioned  are  constantly  re- 

i~T       ^  peated  by  a  complicated  system 

S  .         I  of  reverebd  faults  and  folds,  the 

I  s          3  general  incltnalton  of  the  ntrata 

fl  B          f  being  toward  the  southeast.     As 

3  £          S  that     hilt     is     approached,     the 

L       1  s          i  displacement  produced  by  these 

a  g          B  faults  increases  in  amount ;  hence 

I »        -9  the  observer  meets    with    beds 

%i         g  occupying  a  lower  geological  hor- 

'Is         "  izon  the  farther  east  he  travels. 

.  'i  -^         '.  At   length    this  intricate  sysiem 

I         9  -     I  "'^    faults    and     folds   culminiitea 

^       SiS     f  in    a    great    dislocation     which, 

■'      Sii^     E  ^'""    convenience    of    description, 

§         "^      ,fi  and    to   distinguish    it   from   the 

s   I             '-a  ordinary    reversed     faults,    may 

I  S  ^  «         JI  '^^  termed   a  thruat-plane.      By 

"111     ^1°'  "1^^"^  ^i*    i''    ^    great    mass    of 

3    *"§  uoarnely    crystalline    gnei.ss  with 


si 


■1     llfflJl 


;es    up- 
placed 

above  the  Silurian  rocks  (see  Sec- 
tion). A  careful  examination  of 
the  mass  which  caps  Ben  Arna- 
boll clearly  proves  that  it  rests 
transgresaivelj/  on  ail  the  zof-es  of 
the  Silurian  rocks,  frum  t/ie  lover 
zone  of  the  guarlzite  {false  bfd'led 
grits)  vp  to  the  limestone  which 
overlies  the  tierpulite-grit.  Ow- 
ing partly  to  its  low  hade  and 
partly  to  subsequent  foldinir,  the 
outcrop  of  this  ihrusi-plane  re- 
sembles that  of  an  ordinary  over- 
lying formation  cut  inio  a  sinu- 
ous line  by  denudation.  Ii  is 
admirably  seen  in  dip-secti'ni  on 
the  east  and  north  slopi-s  of 
Ben  Arnaboll,  whence  it  can  be 
followed  lytund  the  west  fai'e  of 
the    hill,     descending     into     the 
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valley  on  the  west,  then  bending  back  on  itself,  winding  rouu 
the  north  slope  of  Druim  Tungi,  and  entering  Loch  £nholl  L 
Heilim  Bay.  It  reappears  at  the  base  of  Crag-na-Faolinn,  aD< 
has  been  traced  still  farther  to  the  south,  while  northward  it  cai 
be  followed  to  the  Whitten  Head,  at  the  mouth  of  Loch  Eribol! 

That  the  gneiss  thus  brought  up  on  Ben  Arnaboll  and  else 
where  is  in  reality  the  Archaean  gneiss  is  evident,  for  two  rea 
sons.  First,  its  lithological  characters  agree  with  those  of  th 
typical  Archaean  area  to  the  west,  save  in  certain  cases  where  th 
original  features  have  been  effaced  by  the  crushing  to  be  aftei 
wards  described.  Near  the  thrust-plane,  this  effaceraent  is  con 
plete,  but  in  the  heart  of  the  mass  the  normal  characters  of  th 
Archaean  rocks,  including  in  some  instances  their  characteristi 
northwest  strike,  are  retained.  The  rocks  consist  of  coarsel' 
crystalline  hornbleudic  gneiss  and  pink  granitoid  gneiss,  witi 
lenticular  veins  of  hornblende-rock  and  kernels  of  cleavable  horn 
blende,  while  massive  veins  of  pink  pegmatile  are  well  developed 
The  soft  greenish  mineral  (agalmatolite  ?)  already  mentioned  ai 
characteristic  of  the  gneiss,  where  now  or  lately  covered  witI 
quartzite,  occurs  here  in  the  pegmatites,  and  veins  of  epidosiu 
are  abundant.  Second,  at  various  localities  the  brecciated  coo 
glomerate  and  false-bedded  quartzite  at  the  base  of  the  Siluriai 
strata  are  found  resting  on  these  crystalline  rocks.  Farther,  th< 
unconformable  junction  can  on  one  line  be  traced  continuoush 
for  more  than  a  mile.  There  can  be  no  doubt,  therefore,  that  thu 
mass  is  really  a  fragment  of  the  old  platform  of  Archaean  rockfl 
on  which  the  Silurian  strata  were  deposited. 

But  all  these  evidences  of  displacement  are  merely  the  preca^ 
sors  of  a  still  more  powei*ful  thrust-plane,  which  has  been  traced 
continuously  from  the  shore  east  of  Whiiten  Head  to  the  crest  oi 
Crag-ua-Faolinn,  and  at  intervals  for  many  miles  to  the  south- 
ward into  the  Assynt  country 

One  final  feature  of  the  Durness  and  Eriboll  area  remains  to 
be  noticed.  The  geological  structure  of  this  region  has  been 
further  complicated  by  the  subsequent  folding  of  the  strata,  and 
by  a  double  system  of  normal  faults  {//in  Section)  which  affect 
the  strata  and  thrust-planes  alike.  One  set  of  normal  faults  trends 
north-northeast  and  south-southwest,  while  another,  which  a))pear8 
to  be  newer,  trends  more  or  less  at  right  angles  to  these.  By 
these  two  systems  of  later  dislocations,  the  thrust-planes  with 
their  low  hade  have  been  intersected  and  shifted  precisely  as  if 
they  had  been  ordinary  boundary-planes  between  two  geological 
formations.  Much  of  the  difficulty,  indeed,  which  has  been  rrom 
the  first  experienced  in  unraveling  the  complicated  structure  oi 
this  region  may  be  traced  to  the  effect  of  the  intricate  network  oi 
reversed  and  normal  faulting.  The  very  preservation  of  the 
Durness  Basin  is  due  to  two  normal  step-faults,  one  of  which  lets 
down  the  quartzites  more  than  1,200  feet,  while  the  other  brings 
the  whole  Silurian  Basin  down  to  the  sea-level." 
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2.  On  a  Chart  of  the  ancient  drift  and  glaciers  of  the  northern 
Swiss  Alps  and  Mt.  Blanc  Chain;  by  M.  Alphonsb  Favbb 
{Geneva  Archives  dos  Sci.,  for  Nov.  15). — Professor  Favre  states 
that  this  chart,  prepared  by  him,  shows  by  means  of  colors,  the 
outlines  of  the  nev6  and  the  true  glacier  of  seven  old  glacier 
baaiiis — tho»e  of  the  Rhine,  the  Linth,  the  Reuss,  the  Aar,  the 
Rhone,  the  Arve,  and  the  Is^re,  besides  the  n6v6  and  glaciers  of  the 
Jura  and  the  outlines  also  of  the  modern  glaciers.  The  author 
nties  the  positions  of  glacial  scratches  and  of  isolated  bowlders, 
a.H  well  as  moraines,  for  fixing  the  outlines  of  the  old  glaciers ;  and 
he  opens  with  a  remark  on  the  good  effect  of  the  '*  Appel  aux 
Suisses"  by  Messrs.  Sluder  and  Soret,  and  himself,  made  in  1867, 
in  behalf  of  the  proU'Clion  of  the  more  remarkable  bowlders.  He 
alludes  to  the  barrier  made  by  the  terminal  moraine  between  the 
extremities  of  the  lateral  moraines,  and  the  effetJt  in  making 
lakes,  some  of  which  were  great  lakes  in  the  era  of  the  flood  from 
the  melting  glacier.  This  was  the  case  below  Soleure,  where  the 
waters  of  the  Aar  were  stopped  by  four  great  Valaisan  moraines, 
and  made  a  lake  over  60  miles  long.  He  points  out  how  the  map 
maybe  used  for  deducing  the  thickness  and  pitch  of  the  glacier 
along  the  several  valleys,  and  illustrates  it  by  examples  from  the 
old  glaciers  of  the  Aar  and  Reuss. 

The  following  table  contains  the  heights,  thickness,  and  other 
facts  connected  with  theglacierof  the  Aar,at  theEwigSchneehorn, 
on  the  left  bank  of  the  glacier  of  the  Lauteraar,  where  the  glacier's 
height  was  3000  meters;  at  Juchliberg,  at  the  extremity  of  the 
leli  bank  of  the  sanu*  glacier;  at  the  Stampfhorn,  below  theRitzli- 
hom  on  the  oast  side;  at  the  Brienzberg,  south  of  the  extremity 
of  Lake  lirienz;  near  Wiramis,  where  the  glacier  of  the  Simrae 
encountered  the  glacier  of  the  Aar;  and  at  Gurnigel,  10  miles 
below  Winiinis.  The  heiL^hts  and  distances  are  in  meters;  and 
in  columns  4,  5  and  6  the  numbers  have  reference  to  the  interval 
between  the  consecutive  localities. 

Upper        Level  of    ThickDeBS  Surf,  pitch 

glac.  level,      valley,     of  glacier.    DlBtance.    Descent.     forlOuOm. 

I.  K.  SchneehoFD, 3,000  2,747  263  ^^  (.r,i\  Knt^  a^ 

2.Juchhberg, 2.500  1,874  626  'HH  ^  ^^l 

3.  Stampfl.om, 2,2.50  1,363  887  .^'^^^  ^^^  ^J 

4Brienzerb€rg 1.500  570  i»iO  ;^;'"  ^  ]Z  I 

5.  Wimmis 1..150  634  716  f^'^  °  ^Z  ^ 

«.  Gurnigel 1.320  597  723  ^^'"^^  '^^  ^ 

In  the  valley  of  the  Grimsel   the  thickness  of  the    glacier  was 

accortlins'lv  626  meters;   ami  in  that  of  the  Ilasli,  887   meters: 

wd  at  the   Brienzerberg,  930  meters,  not  counting  the  depth  of 

the  lake.     The  glacier  of  the  Simme,  which  had   near  Erienbach 

ihi'ijrht  of  l.'ioO  ra.  above  the  sea,  joined  that  of  the  Aar  7o0o  m. 

below,  near  Wiinniis,  giving  both   for  some  distance   the   same 

level,  1350  m. 

A  similar  table   is   given   for  the  glacier  of  the  vallev  of  the 

R**U8s,  which  commenced  at  the  highest  point  of  Saint  6othard, 

^  tollows : 

Am.  JoTHL  Sci.— Third  Series,  Vol.  XXIX,  No.  169.— Jan.,  1885. 
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Upper       LeTelof   ThlckneM  B«rf.J 

ffUc.  level.     Tftlley.    of  glacier.   DteUnoe.   ]>eeeeiit.     forMD 

l.Wyttenw.  Stock...       3,084        2,190        894  ^^^  33 

2.  Bwberg 1,360  437         923         ,3',,^       '     q  ^ 

8.  GotthardU 1,360  437         923         *;"  "        «  "  -J 

\:^^Z ''To      lil    !q?    3oo22    isS      1 

n    ^^^ ■•  m  III        tot         11.000         275  25 

7.  Remerberg 625  330        195  ^ir\t\t\  9R  1 

8.  Bottenberg 600  323        177  ^»"""  "  * 

Professor  Favre  remarks  on  the  gentleness  of  the  pitch  over 
the  old  Swiss  glaciers.  The  glacier's  height  at  Morel es  bel* 
Saint  Maurice,  in  Yalais,  was  1650  in.,  and  at  Chasseron  on  t 
Jura,  near  d'Yverdon,  1352  m.,  indicating  a  descent  over  X 
Swiss  plain,  of  298  m.  in  the  78  km.  or  49  miles,  between  the  t 
places,  equivalent  to  4  :  1000.  At  Chasseral,  57  km.  to  the  nor 
east,  the  glacier's  height  was  1306  m.,  and  at  Mt.  Sal^ve,  n< 
Geneva,  92  km.  from  Chasseron,  it  was  1308  m.;  and  hence,  o^ 
a  distance  of  149  km.  across  the  plain,  the  surface  was  borizont 
The  thickness  of  the  glacier  at  Chasseron  was  917  m.  and 
Chasseral  about  871  m. 

Professor  Favre  also  speaks  of  the  wide  difference  in  some  cat 
between  the  limits  of  the  modern  and  the  ancient  hydrograpl 
basins  and  course  of  drainage. 

3.  Description  of  Geological  Sections  crossing  New  Han 
shire  and  Vermont;  by  Professor  C.  H.  Hitchcock.  34  pp.  8 
with  two  plates  of  geological  sections.  Concord,  N.  H,  1884, 
These  sections,  by  Professor  Hitchcock,  are  the  results  of  n 
field-work  across  the  States  of  Vermont  and  New  Llampsh 
since  the  New  Hampshire  Geological  Report  was  published,  a 
have  much  value.  Professor  Hitchcock  here  makes,  as  he  l 
before  announced,  theTaconic  slates  of  Emmons,  south  of  Midr 
bury,  to  be  Lower  Silurian  in  age,  and  not  older  ihan  the  Trenl 
or  the  later  part  of  the  Trenton  (the  Hudson  River  or  Lorra 
division).  The  quartzyte  is  regarded  as  the  Potsdam  sandsto 
and  as  overlying  unconformably  the  Green  Mountain  rocks  fart! 
east. 

The  writer's  opinion  as  to  the  existence  of  Archsean  rocks 
southern  Vermont  is  mentioned,  and  he  therefore  here  states  t 
he  has  found  evidence  of  the  existence  of  isolated  Archsean  ar 
there,  but  that  his  examination  of  the  beds  of  Mt  Mansfield  L 
him  to  doubt  the  Archaean  age  of  a  large  part  of  the  Gr 
Mountains.  j.  d.  £ 

4.  The  TiUrridge  of  New  Haven  ^  called  Bound  ffilL — Pro 
8or  W.  M.  Davis,  in  his  paper  on  Drunilins  (this  Journal,  xxi 
413,  1884),  objects  to  the  view  that  the  material  of  Round  ] 
was  deposited  by  waters  descending  a  crevasse  or  knot 
ereyasBes  id  the  glacier  (this  Journal,  xxvi,  358,  1883),  on 
ground  of  the  absence  of  stratification.     Bearing  on  this  poii 

**  recall  the  facts:  that  a  broad  trench  or  valley  40  to  60  1 
(120  to  ISO  feet  above  the  sea-level,  and  170  to  180  be) 
mit  of  the  hill),  extends  half-way  around  the  hill,  and  is 
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wt  of  the  rocks  to  that  depth ;  that  from  the  bottom  of  the  till 
of  the  ridge  the  pitch  to  tide-level,  three-fourths  of  a  mile  off,  U 
nearly  200  feet  and  from  the  top  300  feet.      If  the  deposition 
took  place    after   the   subsidence    that   opened    the   Champlain 
period,  a  pitch  of  200  feet  in  three-fourths  of  a  mile,  or  266  feet  in 
a  mile,  would  be  reduced  to  230  feet  a  mile.     The  difSculty  in 
the  explanation  does  not  come  from  the  absence  of  regular  strat- 
ification, but  from  the  existence  of  enough  sand  and  clay  in  the 
hiU-deposits  to  bind  the  stones  together.     Evidence  of  the  violent 
aetion  of  the  descending  waters  is  plain  enough  about  the  hill  in 
the  valley  described,  and  also  in  the  bare  rocks  of  the  hills  to 
the  northeast,  east  and  southeast  of  it,  whose  height  is  near  that 
of  the  bottom  of  the  till ;  for  some  reason  they  left  the  small  area 
of  the  hill  for  the  accumulation  of  the  deposited  material. 

J.  D.  D. 

6.  77ie  Copper-bearing  rocks  of  th€  Lake  Superior  region.  — 
lo  a  notice  of  Professor  Irving's  report  on  these  rocks  in  the  last 
Tolame  of  this  Joni-nal  (p.  462),  the  view  of  the  author  is  stated 
18  to  their  relations  to  the  Annimikie  group  on  the  north  shore 
of  Lake  Superior,  and  the  Lake  Superior  sandstone,  that  (1)  the 
Annimikie  group  is  Huronian ;  (2)  that  the  Keweenaw  series  is 
overlaid  unconformably  by  the  "Eastern  Lake  Superior  sand- 
ttone;''  (3)  that  the  latter  is  probably  Potsdam. in  age,  as  held  by 
fflOBt  geologists  '*  from  Owen  to  Rominger ;"  (4)  that  the  unfossil- 
iferous  Keweenaw  series  may  be  older  Cambrian. 

We  add  here  the  views  of  Professor  N.  H.  Winchell,  Geologist 
of  Minnesota,  on  the  same  points,  as  given  in  the  10th  Report 
(1881),  of  the  Geological  Survey,  and  noticed  in  the  Appendix  of 
nofessor  Irving's  I&port.  On  the  first  of  these  points  they  are 
the  same  as  above.  On  the  second,  or  the  unconformability  of 
the  copper-bearing  rocks  and  the  overlying  series,  there  is  agree- 
ment also;  as  stated  on  page  123,  ''at  different  places  No.  1 
[the  light-colored  sandstone  seen  in  the  Mississippi  river  bluffs 
and  the  bluf&  of  the  St.  Croix,  containing  Lingulse  and  trilobites], 
and  2  [the  horizontal  sandstones  of  the  south  shore  of  Lake 
Superior,  holding  fucoids  and  Scolithus],  have  been  seen  uncon- 
fonnably  overlying  portions  of  No.  3  [the  copper-bearing  series 
or  so-called  Keweenaw  formation]."  On  the  third,  Professor 
Winchell  holds,  from  the  fossils  of  the  Eastern  sandstone  and  the 
St  Croix  beds,  that  the  group  probably  belongs  above  the  Pots- 
dam sandstone,  though  Professor  Hall  refers  the  St.  Croix  fossils 
to  that  period.  On  the  fourth  point  he  makes  the  copper-bearing 
rooks  equivalents  of  the  Potsdam  series. 

The  argument  for  the  last-mentioned  conclusion  is  largely 
Hthological  and  therefore  of  little  or  no  weight.  That  from  the 
foisiis  in  the  slates  and  sandstones  of  St.  Croix  is  indecisive,  as 
remarked  by  Professor  Irving,  since  the  precise  age  of  the  fossils, 
whether  Potsdam  or  later,  is  not  certain.  The  LingulsB  of  the 
■andttones  of  Tequamenon  Bay,  found  by  Rominger,  which  led 
him  to  refer  those  sandstones  to  the  Potsdam,  Professor  Winchell 
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eays  make  the  Keweenaw  series    Potsdam,   if  the   rocks  ai 
equivalents. 

Mr.  Wadswortb^s  discussion  of  the  subject  will  be  found  in  h 
memoir  on  the  Iron  and  Copper  Districts  of  Lake  Superior,  i 
vol.  i,  of  the  geological  series  of  the  Museum  of  comparatii 
ZoOloirv. 

6,  The  Oeological  and  Natural  History  Survey  i^Minneso^ 
Tbo  12tb  Annual  Report,  for  the  year  1883,  N.  HL  Winchbl 
State  Geologist. — This  Report  contains  a  paper  on  the  compan 
tivi»  strength  of  Minnesota  and  New  England  granites,  by  Is.  I 
Winchell.  The  experiments  were  made  on  2-inch  cubes  unpo 
IsIum]  and  appear  to  have  been  conducted  with  care.  The  averag 
NtrtMigth  in  pounds  of  20  samples  of  Minnesota  granites,  crushe 
b(«tween  steel  plates,  was  found  to  be  104,800  pounds,  or  26,200  pc 
sqtiare  inch  of  surface ;  when  crushed  between  wooden  cushiom 
0.')/J72  pounds,  or  23,318  pounds  per  square  inch.  The  tests  wer 
aj)|)lied  by  Mr.  James  Cocroft,  under  the  direction  of  Oen.  Q.  i 
(iilmore. 

The  average  obtained  by  Gren.  Gilmore  for  20  New  EnglaiM 
granites  (in  1875)  was  59,785  pounds,  or  14,946  pounds  pe 
M(juare  inch. 

The  Minnesota  granites  are  ArchsBan.  How  far  this  is  the  fse 
with  those  of  New  England  is  not  known.  An  explanation  o 
the  differences  might  be  obtained  by  an  investigation  into  th( 
relative  porosity  of  the  rocks,  or  their  absorbent  quality,  th< 
amount  of  mica,  the  presence  of  which  fissile  and  feebly  adherent 
mineral  must  always  diminish  strength,  and  other  textara 
differences. 

Following  this  report  on  granites  the  volume  is  occupied  by  i 
final  report  on  the  Crustacea  of  Minnesota,  included  in  the  order 
Cladocera  and  Copepoda,  by  C.  L.  Herrick,  assistant  in  zoology 
which  extends  to  192  pages,  contains  a  large  number  of  nei 
foinus,  and  is  illustrated  by  numerous  plates.  This  extender 
memoir  contains  also  "a  synopsis  of  the  described  species  ii 
North  America,  and  keys  to  the  known  species  of  the  mor 
important  genera." 

7.  Report  of  the  Geological  Survey  of  Ohio,  Vol.  v.  Economi 
Geology;  Edward  Okton,  State  Geologist.  1124  pp.  Svc 
Columbus,  Ohio,  1884. — The  various  economical  products  fron 
the  rocks  of  Ohio  are  the  subjects  treated  in  this  large  volume 
The  stratigraphy  and  characteristics  of  the  Coals,  Iron  Orel 
Building  Stones,  Clays,  and  the  methods  of  working  and  th 
industries  connected  therewith,  are  first  reviewed  at  length,  an( 
then  special  reports  added  on  the  coal  beds  of  different  region 
in  Ohio.  Besides  Professor  Oitoii,  there  are  among  the  author 
on  these  subjects,  A.  Roy,  Inspector  of  Mines ;  N.  W.  Lord  oi 
the  Iron  manufacture,  H.  Newton  on  the  manufacture  of  Coke 
Edward  Orton,  Jr.,  on  the  clavs  and  their  industries ;  E.  Mc 
If iilin,  on  Gas  Coals ;  and  for  tfie  special  reports  on  coal  region! 

*    A.  Wright,  C.  N.  Brown  and  E.  Orton,  Jr.     There  is  alao  ! 
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report  on  analyses  of  Coals,  etc.,  by  N.  W.  Lord ;  and  another 
00  the  Glacial  boundary  in  Ohio,  by  Profl  G.  F.  Wright.  The 
▼olame  is  illustrated  by  many  sections  and  maps.  It  is  a  valua- 
Ue  contribution  to  economical  geological  science. 

8.  ContrihutionB  to  the  Tertiary  Geology  and  Paleontology 
of  the  United  States;  by  Anoelo  Heilprin,  Prof,  of  Invert, 
raleont.  at,  and  Curator  in  charge  of,  the  Acad.  Nat.  Sci.,  Philad. 
118  pp.  8vo,  with  a  colored  gecAogical  map,  showing  the  distri* 
botion  of  the  several  divisions  of  the  Tertiary  along  the  Atlantic 
ooast  and  around  the  Gulf  of  Mexico. — This  volume  consists  of 
the  collected  papers  of  Mr.  Heilprin  on  the  United  States  Ter- 
tiary, published  by  the  Philadelphia  Academy  of  Sciences, 
emended  in  some  points,  with  new  papers  by  him  on  the  same  gen- 
enl  subject.  The  Tertiary  paleontology  of  North  America  has 
needed  a  thorough  revision  in  order  to  reconcile  discrepancies 
between  the  results  of  diflferent  authors,  correct  references  to  local- 
ities, add  further  factn  as  to  true  stratigraphicnl  order,  and  make 
tall  comparisons  and  all  necessary  identifications  with  the 
described  species  of  the  foreign  Tertiary.  Mr.  Heilprin  has  been 
working  in  these  directions,  and  has  brought  out  a  volume  of 
great  service  to  American  geology,  although  much  still  remains 
to  be  done.  His  classification  of  the  American  marine  Tertiary 
bas  already  been  given  in  this  Journal,  vol.  xxiv,  p.  228,  1882. 

9.  Report  PPP  of  the  Geological  Survey  of  Pennsylvania 
on  Dew>nian  Ceratiocaridce,  by  C.  E.  Bebcuek,  with  2  plates, 
led  on  Carboniferous  Eurypteridce,  by  James  Hall,  with  6 
plates. — Mr.  Beecher  describes  new  speckles  of  the  genera  Echino- 
eariSf  Elymocaris  and  IVopidocaris^  the  two  latter  genera  being 
il§o  new.  The  number  of  species  of"  the  group  reached  its  max- 
imam,  according  to  the  investigations  thus  far  made,  in  the 
Chemung  period.  Prof.  Hall  describes  the  new  species  Euryp- 
tenu  Beecheri  and  E,  stylus, 

10.  On  the  Structure  and  Affinities  of  the  Receptaculidce ;  by 
Dr.  G.  J.  HiNDE.  (Jour.  Geol.  Soc,  1884,  795.)— Dr.  llinde  dis- 
cusses with  great  fullness  the  structure  and  relations  of  these 
lingular  fossils,  and  concludes  that  they  belong  with  the  siliceous 
bexactinellid  sponges.  The  body  walls,  he  observes,  are  com- 
posed of  spicules  of  the  hexactinellid  type,  but  modified  by  the 
development  of  regular  rhomboidal  or  hexagonal  plates  in  place 
of  the  head  ray  of  the  normal  spicule.  The  family  is  represented 
in  the  Lower  and  Upper  Silurian,  sparingly  in  the  Devonian,  by  a 
•ingle  doubtful  species  in  the  Carboniferous  (described  by  F. 
RSmer,  from  Silesia  beds),  and  not  in  later  rocks. 

11.  Paleozoic  Corals.  Spitzenbergeti  fossils. — G.  Lindstrom  has 
to** Index  to  generic  names  applied  to  the  corals  of  the  Paleozoic 
formations"  in  the  Handlingar  of  the  Swedish  Royal  Academy, 
vol  viii,  No.  8,  1883. 

The  same  volume  contains  a  paper,  by  B.  Lundgren  on  the 
Jurassic  and  Triassic  fossils  of  Spitzhergen,  collected  by  the 
Swedish  Expedition  of  1882  ;  and  also  another,  by  Th.  Fuchs,  on 
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the  Tertiary  shells  of  Spitzhergen,  from  the  same  collectioi 
The  Tertiary  shells  include  species  (not  satisfactorily  detenni 
ahle)  of  SUiquaHa^  PhareUa^  Psammo9olen  and  Venue  (  Ciree^ 
phaius)^  from  the  lower  horizon  near  Kolbay,  and  Cyther 
(Callista),  and  Piammobia  from  the  upper,  at  Advent  Bay,  \ 
unknown  from  the  Arctic  seas ;  also  a  Thraciay  larger  than  tl 
largest  known.  He  observes  that  the  species  appear  to  1 
Miocene,  or  later  rather  than  earlier;  and  that  they  do  n 
sustain  the  view  put  forward  by  Gardener  that  the  era  of  tl 
Polar  flora  was  Eocene  instead  of  Miocene. 

12.  Geology  of  Delaware, — Professor  F.  D.  Chbstbb  has 
paper  on  the  geology  of  the  State  of  Delaware  in  the  volume  i 
the  Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadc 
phia  for  1884,  pp.  237-260. 

13.  L*>wer  Silurian  age  of  the  Peach  Bottom  roofing  slatea 
York  and  Lancaster  CountieSy  Pennsylvania. — Dr.  P.  Fbazb 
has  found  fossil  plants  in  these  roofing  slates  and  probable  fn( 
ments,  in  Prof.  James  HalPs  judgment,  of  graptolites,  whic 
point  to  the  Hudson  River  or  Quebec  group  age  of  the  slate 
The  locality  is  on  the  Lower  Susquehanna.  The  rocks  are  moo 
tilted,  and  near  the  slates,  and  apparently  above  them  occim 
quartz-slate,  containing,  like  the  Chikis  quartzyte,  intercalate 
hyrlromicaceous  beds.  They  are  among  a  series  of  chloriti 
schists. 

14.  Paleozoic  Arachnida. — Mr.  S.  H.  Scuddeb  has  published 
revision  of  the  subdivisions  of  fossil  Arachnids  in  a  paper  in  th 
Proi'-eedings  of  the  American  Academy  of  Arts  and  Sciences,  188^ 
p.  13,  in  which  he  describes  the  new  genera  Polioeheray  Om 
phrymu  and  Geralinura  for  Mazon  Creek  species,  and  the  ne^ 
species  Anthracomartus  pustidatusy  from  the  same  locality ;  all 
Anthraeomartiu  trilobitus  from  the  sub-conglomerate  coal-mesi 
iire?i  near  Fayetteville,  Arkansas. 

15.  Professor  E.  D,  Cope  on  fossil  Vertebrates, — Professor  Cop 
has  recently  published  the  following  papers : 

The  Xorth  American  Batrachiii,  Amer.  Nat.,  January,  188^ 

Synoj^sis  of  the  Species  of  the  OreodontidsB,  Amer.  PhiL  Soc 
January,  1884. 

Structure  of  the  skull  in  the  Elasmobranch  genus  Didymoda 
AmvT,  Phil.  Soc,  March,  1884. 

The  Creodonta,  Amer.  Nat.,  March,  1884. 

The  Tertiary  Marsupialia,  Amer.  Nat.,  July,  1884. 

The  Extinct  Mammalia  of  the  Valley  of  Mexico,  Amer.  Phi 
Btfi'.,  May,  1884. 

The  Mastodons  of  North  America,  Amer.  Nat.,  May,  1884. 

On  the  Structure  of  the  feet   in  the  extinct  Artiodactyla 
Kortb  America,  Ibid.,  August,  1884. 

Fifth  contribution  to  the  knowledge  of  the  Fauna  of  the  Pi 
■rim  fonnation  of  Texas  and   the  Indian  Territory,  Amer.  Ph 
y  AiH^t,  1 884. 

ifate  on  Brazilian  Minerals  ;  by  Obvillb  A.  Dbrbt. — ^! 
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camiDation  of  the  heavy  sands  accompanying  the  diamond 
«  newl J  discovered  washings  of  Salobro  or  Canaviciras,  near 
mooib  of  the  Jequelinhouha  in  southern  Bahia,  Professor 
»ix  notes  the  absence  of  the  oxides  of  titaniam  (rutile  and 
bedrite),  of  the  hydrous  pliosphates  of  alumina  and  cerium, 
of  tourmaline,  so  characteristic  of  the  diamond  sands  of 
nantina,  Bagagens,  and  of  the  diamond  region  of  Bahia. 
»e  sands  are  remarkable  for  containing  monazite  (the  most 
idant  mineral  after  quartz),  zircon,  staurolite  and  corundum. 
last  two  are  noted  for  the  first  time  among  the  minerals 
mpanying  the  diamond,  and  the  last,  corundum,  for  the  first 
definitely,  in  Brazil.  Zircon,  which  is  quite  abundant,  had 
1  found  rarely  in  the  diamond  sands  of  Bahia  by  Damour  but 
\T  in  those  of  Minas,  while  monazite  had  only  been  found 
ly  io  a  single  locality  in  the  Diamaiitina  district. 
rod  Grorceix.  has  also  studied  the  favas  (Lima  beans)  of  the 
ira  which  are  very  characteristic  of  the  aiamond  deposits  of 
nantina  and  western  Minas  Geraes.  These  are  discoid  peb- 
resembling  in  shape  the  seed  from  which  they  take  their 
e,  which  decrepitate  and  give  much  water  in  the  closed  tube. 
ee  series  are  recognized,  two  of  which  contain  silica,  alumina 
a  small  proportion  of  phosphoric  acid.  The  other  more 
resting  series,  of  which  the  analysis  has  not  yet  been  com- 
ed,  contain  titanic,  phosphoric  and  vanadic  acids,  and  the 
«  alumina,  lime,  iron,  cerium,  yttrium  and  didymium. 
hristianite  has  been  recognized  by  the  same  author  in  a 
imposed  pyroxenic  rock  from  the  head-waters  of  the  Abaete, 
astern  tributary  of  the  upper  San  Francisco.  The  following 
yses  are  given. 

8i0, 

A1,0, 

Fe,Oi 

CaO 

MgO 

KO 

NaO 

HO, 

1001  101-3 

nnaU  du  Escola  de  Minas  de  Ouro  PretOy  vol.  iii. 
r.  Spodumene  crystals  of  gigantic  size ;  by  William  P. 
XB,  (Communicated.) — ^The  excavations  upon  the  Etta  tin 
e  in  Pennington  County,  Dakota,  have  exposed  numerous 
tats  of  spodumene  of  unusually  lari^e  dimensions.  One  crys- 
which  extends  horizontally  parallel  with  a  drift  is  thirty-six 
in  length  in  a  straight  line,  and  is  from  one  to  three  feet  in 
kness.  It  penetrates  massive  quartz  and  feldspar.  The 
rage  is  smooth  and  straight,  but  the  lateral  and  terminal 
ea  are  obscure.  Crystals  from  five  to  twenty  feet  long  are 
erous  and  incline  in  all  directions. 
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18.  Minerals  from  Kangerdluarsuk  in  Greenland. — A  paper 
recently  pablished  by  Dr.  Lorenssen,  of  Copenhagen,  contains 
analyses  and  crystallographic  notes  on  several  minerals  from 
Kangerdluarsuk  in  Greenland  ;  an  earlier  paper  by  the  same 
author  has  already  been  noticed  (this  Journal,  xxv,  158).  The 
name  JRinkite  is  given  to  a  mineral  occurring  in  monocliiiic  cry^w 
tals  with  arfvedsonite,  segirite,  eudialyte,  etc.  Its  c<»lor  is  yfl« 
lowish  brown  when  fresh,  but  the  crystals  are  often  altered  so  as 
to  have  an  earthy  structure  and  straw-yellow  color.  Tlie  hard- 
ness is  5,  the  specific  gravity  3*46.  The  mean  of  several  analyses 
yielded : 

SiO,        TiO,     CeO  DiO  LaO     TO       FeO        CaO       NaO         Fl 

29-08     13-36         21-26         0*92     044     23.26     8-98     5-82 

=103-11,  deduct  2-45  O  =  100-66 

II  rv 

For  this  the  formula  proposed  is  2RR0,+NaFl,  although  the 
correctness  of  the  formula  is  not  fully  established.  The  name- 
Polylithionite  is  given  to  a  variety  of  lithia  mica  unusually  rich 
in  lithium.     An  analysis  gave : 

SiOa  AlaO,  FeO  K,0  Na,0        LijO  Fl 

59-25         12-57        0-93        bZl        7-03       9*04         7-32  = 

102-11,  deduct  308  O  =  99-08 

In  optical  relations  this  lithia  mica  stands  very  near  zinnwaldite 
but  is  remarkable  in  containing  more  silica ;  this,  the  author  slates^ 
cannot  be  due  to  impurity. 

19.  Synopsis  Mineralogica :  Systematische  Uebersicht  det 
Mineral reichs,  entworfen  von  Dr.  Albin  Weisbach.  Zwi'iie 
Auflage,  87  pp.  8vo.  Freiberg,  1884.  (J.  G.  Engelhardt.)— Tlii» 
work  contains  a  list  of  mineral  species  with  a  stati'ment  of  their 
composition,  and  in  most  cases,  the  crystalline  system  to  which 
they  belong  ;  the  system  of  classification  is  rather  artificial. 

III.  Botany  and  Zoology. 

1.    Co7)tparative  Anatomy  of  the  Phanerogams  and  Ferm; 
by  Dr.  A.  DeBary,  Professor  in  the  University  of  Strassburg, 
Translated    and  annotated    by  F.  O.  Bower,  M.A.,  F.L.S.,  and 
D.   H.   Scott,  M.A.,  Ph.D.,  F.L.S.     (Clarendon    Press,  Oxford, 
1884;  pp.  659.) — DeBary's  Vergleichende  Anatomic  has  been  ia 
the  hands  of  students  since  1877.     It  has  been  everywhere  recog- 
nized as  the  most  exhaustive  work  on  the  subject  hitherto  pub- 
lished, but  owing  to  this  very  fact  and  to  its  extremely  technical 
character,  we  had  almost  despaired  of  seeing  it  in  print  in  Eng* 
lish.     A  manuscript  translation  prepared  four  years  ago  by  Miss 
Mary  Chapman,  of  Boston,  has  done  good  service  in  the  Botan* 
ical  Laboratory,  in  Cambridge,  and  has  made  known  to  not  a 
tew  students,    unfamiliar   with     German,    the    excellencies    of 
DeBary's  treatise.     From  what  the  present  writer  has  seen  of 
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the  pleasure  with  which  even  a  manuscript  translation  has  been 
employed,  he  feels  sure  that  the  well  printed  and  convenient 
translation  which  now  comes  to  lis  will  have  many  more  appreci- 
ative students  than  the  publishers  have  looked  for. 

ProfesKor  DeBary,  in  the  preface,  complains  of  the  patchwork 
character  of  parts  of  the  volume.  He  says  that  he  had  hardly- 
finished  one  portion  before  those  preceding  it  were  out  of  date, 
and  by  remodelling,  such  portions  necessarily  lost  something  of 
thi'ir  due  proportion.  But  this  is  true  of  all  encyclopedic 
treatises,  and  serves  to  indicate  the  magnitude  of  the  work  which 
DcBaiy  has  so  well  done. 

The  treatise  is  in  two  parts :  (1),  Forms  of  tissue ;  (2),  Arrange- 
ment of  the  forms  of  tissue.  Ihe  classification  adopted  in  the 
first  part  is  as  follows:  Cellular  tissue^  including  epidermis,  cork 
and  parenchyma;  (2),  Sclerencht/ma,  comprising  so-called  "hard 
bast;"  (3),  Secretory  reservoirs^  or  sacs;  (4),  TrachecBj  including 
Tratheids;  (b\  Sieve-tubes ;  (6)^  Laticiferous  tubes.  The  account 
of  intercellular  spaces  is  placed  properly  in  an  appendix.  Under 
Abra^gement  of  these  tissues,  the  author  considers  the  occur- 
rence of  each  kind  in  all  classes  of  vascular  plants,  and  regards 
the  suhject  largely  from  the  point  of  view  of  development. 

The  amount  of  material  which  is  here  brought  together  is 
absolutely  surprising.  The  references  are  very  copious  and,  as  we 
have  had  occasion  to  note  in  a  large  number  of  cases,  given  with- 
out serious  error  in  citation  of  volume  or  page.  Although  a 
part  of  the  work  of  compilation  must  have  been  irksome  in  the 
[  extreme,  it  has  been  thoroughly  and  carefully  done,  and  the 
trmise  will  long  remain  the  most  valuable  digest  of  vegetable 
histology. 

The  translators  have  given  us  a  good  version.  Here  and 
there  exception  might  be  taken  to  their  readings,  but  they  are 
chiefly  minor  points  which  do  not  seriously  impair  the  value  of 
the  liand-book.  Almost  unqualified  commendation  can  be  given 
to  the  translation  for  its  fidelity,  and,  what  is  better,  its  clear- 
Dess.  The  annotations  add  much  to  the  value  of  the  work  and 
hriiigr  portions  ot  the  subject  down  to  a  recent  date.  Lastly,  it 
should  be  said  that  the  index  is  a  marvel  of  completeness  and 
accuracy,  and  places  this  encyclopedic  treatise,  which  is  crowded 
with  details,  perfectly  at  the  service  of  the  student.        g.  l.  g. 

2.  Living  organisms  in  the  air  at  high  altitudes, — A  paper  by 
M.  E.  DB  Frkuderich,  on  the  number  of  living  organisms  in  the 
air  about  the  Swiss  Alps,  is  published  in  the  Geneva  Archives  des 
Sciences  for  November  last  (Nov.  15).  lie  shows  that  the  obser- 
vations of  Pasteur  and  Tyndall,  as  far  as  relating  to  this  special 
point,  are  unsatisfactory  because  the  germs  are  not  destroyed  at 
the  u^mperature  of  ebullition,  but  require  110°  C,  and  because 
the  amount  of  air  thus  examined  by  the  method  they  used  was 
very  small — hardly  more  than  half  a  liter,  he  says,  in  Tyndall's 
experiments.  Mr.  Freuderich,  in  order  to  make  his  trials  on  a 
large  volume  of  air,  used  first  a  hand  air  pump,  which  passed  a 
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liter  of  air  at  each  stroke  of  the  piston,  and  in  more  recent  trials, 
a  portable  steam  pump  which,  under  a  pressure  of  two  atmos- 
pheres, could  move  2500  to  3000  liters  an  hour.  The  mean 
amount  used  was  150  liters  an  hour.  The  organisms  were  de- 
tained by  a  wad  of  spun  glass  in  a  glass  tube,  various  precautions 
being  used  to  insure  accuracy.  Each  wad  was  afterward  divided 
and  each  half  put  into  a  portion  of  beef  bouillon  for  the  develop- 
ment of  any  microbes  present,  in  which  process  the  bouillon 
became  clouded.  The  method  is  one  proposed  by  Dr.  Miqnel  in 
the  Annuaire  de  Montsouris  for  1884.  His  trials  in  1884  were 
made  at  the  Theodule  Pass,  near  Zermatt,  3322°^  in  elevation, 
above  the  limit  of  perpetual  snow ;  on  the  Aletsch  fflacier,  2900°^; 
and  in  part  at  the  summit  of  the  Niesen,  2366™,  situated  on  the 
border  of  Lake  Thun  and  surrounded  by  numerous  villages. 

On  the  Aletsch  glacier,  July  15-17,  one  trial  of  500  liters  of  air, 
ffa ve  no  organism ;  another  of  800  liters,  afiorded  one  ^^  maigre " 
^aciUuB  subtilis;   one  of  250  liters,  a  single  organism  of  the 
family  Torulacese ;  one  of  50  liters,  a  single  Micrococcus — about 
which  there  was  some  doubt.     He  thus  obtained  from  2000  litera 
of  air,  at  a  height  of  about  3000  meters,  two  Bacteria  (a  Bacil— 
lus  and  a  Micrococcus)  besides  one  of  the  Torulacese.     In  th& 
second  series  of  experiments,  at  the  St.  Theodule  Pass,  September* 
6,  7,  one  Bacterium  termo  was  obtained  from  3000  liters,  or  thre^ 
cubic  meters  of  air.     In  contrast  with  this  extreme  purity,  the  air* 
at  Berne  gave  him  in  one  trial  hundreds  and  even  thousands  to 
the  cubic  meter ;  and  among  the  organisms  in  one  case  there  were 
444  microbes  to  the  cubic  meter,  in  another  250. 

Ou  the  mountain  of  Niesen,  in  the  last  of  July  and  first  of 
August,  rain,  snow  and  a  severe  storm,  complicated  the  trials. 
600  liters  of  air,  under  these  conditions,  gave  4  Bacteria  (all  of 
one  species);  and  in  another  trial,  4  Bacteria  for  1725  liters. 
Adding  the  two,  it  makes  3  to  4  Bacteria  to  the  cubic  meter. 
,  With  reference  to  the  Bacteria  being  of  a  single  species,  the  author 
states  that  on  the  plain  in  1881,  M.  MiqueT  found  14  Bacilli  to 
79  of  Micrococcus  and  7  of  Bacteria ;  and  the  author  had  a  similar 
result  at  Berne. 

M.  Freuderich  reports  also  other  similar  results  from  different 
localities,  and  observes  that  the  puKty  of  the  air  of  the  mountains 
is  far  greater  than  had  been  deduced  from  the  trials  of  Pasteur 
and  others ;  that  it  is  not  exceeded  by  the  air  over  the  ocean, 
from  which  Commander  Moreau  obtained  (according  to  a  com- 
munication from  Dr.  Miquel  in  the  Semaine  Medicale  of  March  6, 
1884),  five  to  six  Bacteria  to  a  cubic  meter. 

3.  Description  of  an  impregnated  uterus  and  the  uterine  ova 
of  Mhidna  hystrix. — Professor  Richard  Owkn  (Ann.  Mag. 
N.  II.,  V,  xiv,  373,  Dec,  1884),  refers  to  his  papers  in  the  Philo- 
sophical Transactions  ot  1865  and  1880,  on  reproduction  in  the 
Echi<lna,  and  his  account  and  figures  in  the  latter  paper  illustrat- 
injx  a  specimen  in  which  the  left  uterus  contained  three  ova,  the 
Jarj^est  6"™  in  diameter.     He  then  gives  a  description  and  figures 
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<yf  the  right  aod  left  uterus,  each  with  a  oollapsed  ovum,  of  an 
Behidna  captured  near  Toowoomba,  in  1 882.  In  both  uteri  the 
absence  of  any  connection  of  the  ova  with  the  uterine  whIIs  was 
jhown  by  their  floating  freely  as  moved  by  the  feeble  wave  of 
the  menstruum  in  which  the  dissection  was  made. 

The  paper  closes  with  a  copy  of  a  letter  from  W.  H.  Caldwrll 
aadreased  by  him  to  the  Sydney  (N.  S.  W.)  Herald,  Sept.  16, 
1884.     Mr.  Caldwell  observes  that  in  both  the  Ornithorhynchus 
and  Echidna  ''  the  amount  of  food-yolk  in  the  ^^;g  is  very  lar^e, 
|tnd  that  consequently,  there  is  only  a  partial  aegmentum  (mero- 
blastic  type)."    The  egg  is  laid  at  an  age  equal  to  a  dO-hour-old 
chick,  and   is  enclosed   in  a  strong,  flexible,  white   shell ;  it  is 
three-quarters  of  an  inch  long  in  the  longer  diameter,  and  one- 
half  inch  in  the  shorter.     Ornithorhynchus  produces  two  eggs  at 
%  birth.  Echidna,  one ;  the  former  places  the  eggf^  at  the  end  of 
one  of  the  burrows,  the  latter  her  one  in  a  ventral  pouch.     Mr. 
Caldwell  states  that  he  has  already  worked  out  most  of  the  stages 
in  the  development,  and  hopes  to  obtain  a  sufficient  number  of 
specimens  to  complete  his  investigation  during  the  present  breed- 
ing season.     He  has  also  obtained,  since  his  arrival  last  October, 
many  embryos  of  several  genera  of  Marsupials  for  study. 

4.  A  Potythalamian  from  a  Salt-pool  near  Deva  in  TVansyl- 
aania, — The  flrst  known  species  of  a  polythalamian  from  conti- 
nental waters  nas  been  described  hy  Dr.  E.  von  Daday.  Its 
•bell  is  much  like  that  of  a  RotcUia  in  its  spiral  form ;  like  7Vo- 
thammina  in  structure;  and  like  the  DifflugitB  and  the  Poly- 
$norphina  sUicea  in  the  constitution  of  its  shell,  it  being  chitinous 
with  some  siliceous  scales  in  its  texture.  The  author  names  it 
Entzia  ietrastomeUa^  and  regards  it  as  probably  representing  a 
group,  alonff  with  some  forms  of  the  genus  Trochammina^  which 
onites  the  imperforate  with  the  perforate  Polythalaniia,  and  the 
group  of  the  Lagenidse  with  that  of  the  GlobigerinsB.  Of  the 
anoclated  protozoans  in  the  salt-pools  in  the  region,  nine  have 
hitherto  been  found  only  in  saline  inland  waters,  while  ten  occur 
both  in  saline  inland  waters  and  the  sea,  and  seven  of  thene  ten 
are  found  both  in  fresh  and  saline  inland  waters.  Dr.  Daday 
remarks  that  the  facts  decidedly  favor  the  opinion  of  Professor 
6.  £nt£,  that  the  protozoans  of  the  saline  inland  waters  of  Tran- 
sylvania are  more  nearly  allied  to  those  of  the  sea  than  to  those 
oif  the  fresh  water. — Ann.  Mag.  N.  Hist^  Nov.,  1884. 

6.  Food  of  Mice. — Professor  F.  H.  Stobkr,  in  a  paper  in  the 
Bulletin  of  the  Bussey  Institution,  (vol.  ii,  Part  iv,  1884),  de- 
flcribes  the  effects  of  feeding  mice  on  painter's  putty  (made  of 
ground  chalk  (whiting)  and  oil,  either  linseed  or  6sh  oil),  and 
putty  made  of  other  substances.  They  were  fed  with  the  whiting 
potty  in  balls  and  ate  freely  10  or  12  balls  (12  weighing  20 
grams,  of  which  3*3  grams  were  oil)  daily  besides  their  allow- 
ance  of  oats.  The  excrements  became  white  and  chalky,  free 
from  the  oil  and  very  abundant,  the  quantity  of  chalk  discliarged 
amounting  to  more  than  one-third  the  weight  of  the  animals. 
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A  like  mixture  of  barium  carbonate  or  lead  carbonate  and  oil^ 
killed  the  mice;  but  they  ate,  apparently  without  injury,  a  patty 
made  of  mixed  barium  carbonate  and  whiting,  in  the  propt>rtiott 
of  1  to  5,  and  so  also  a  putty  made  of  lead  carbonate  and  whit- 
ing, in  the  proportion  of  1  to  4.  The  protective  influence  of  the 
calcium  carbonate  in  these  cases  is,  as  Dr.  Storer  observes,  a  fact 
of  much  interest;  and  the  fact  that  they  eat  common  patty  with 
relish  for  the  oil  it  contains  is  one  of  pu\)lic  importance. 

6.  Annals  of  the  New  York  Acadeniy  of  Sciences, — ^Numl>or» 
3  and  4  (in  one)  of  the  Annals  contains  an  elaborate  paper  by  W, 
6.  BiNNKY  on  the  Jaw  and  Lingual  Dentition  of  Pulmonate  Mol- 
lusks,  illustrated  by  16  plates. 

7.  Prodrontus  Fiiwice  Mediterranem^  she  Descriptio  AnimaUr 
turn  Maris  Mediterranei  Inrolan(m,  qwAUi  comparata  Silva  rerum 
qnatenus  innotuit  adjectis  hx-is  et  norninibus  vulgaribus,  eoruin- 
que  auctoribus  in  cotnmodum  Zoologorum  congrssit  Julius  Victor 
Carus.  Pars.  I,  Ccelenterata,  Echinodcrmnta,  Vermes.  283  pp, 
8vo.  Stuttgart,  1884.  (E.  Schweizerbnri'sche  Verlagsh.  (EL 
Kocb^  ). — This  first  part  of  theProdromns  contains  brief  classihed 
descriptions  of  the  animal  species  of  the  Mediterranean,  belonging 
to  the  tribes  staled  in  the  title,  and  has  been  prepared  by  one 
of  the  best  of  European  zoologists.  It  is  especially  convenient 
for  the  zoological  laboratories  on  the  coasts  ol  the  Mediterranean^ 
but  has  great  value  for  other  seas  and  reuions. 

8.  TAe  Auk:  a  Quarterly  Jourmd  of  Ornithology, — No.  4  of 
the  first  volume  of  this  excellent  jonrnal  was  issued  in  Qctol>er. 
Mr.  E.  P.  Bicknell  publishes  in  it  an  interesting  "Study  of  the 
Singing  of  our  Birds;"  J.  P.  Hnwiey  a  paper  on  the  Canada 
Goose  (Bernicla  Canadensis)]  W.  W.  Cooke,  on  the  distribu- 
tion ana  migration  of  Harris's  Finch  {Zonotrichia  qfterula);  F. 
Stephens,  on  LeConte's  Thrasher,  and  collecting  in  the  Coloratia 
Desert;  J.  A.  Allen,  on  zoological  nomenclature;  besides  whicb 
there  are  various  other  valuable  contrihiitions. 

9.  The  Siluroid fi:ih,  Atninnts  catus. —  A  thorough  study  of 
this  species  has  been  made  by  Cana<lian  zoologists  and  the  results 
are  the  subjects  of  several  finely  illustrated  articles  in  the  Pro- 
ceedings of  the  Canadian  Institute,  Toronto,  vol.  ii,  fasc.  3,  Oct.» 
1884;  by  Professors  K.  Ramsay  Wright,  J.  Playfair  McMur- 
RICH,  A.  B.  Macallum,  and  T.  McKknzik. 

10.  7%e  Development  of  Reyiilla ;  by  Edmund  B.  Wilso!^, 
Ph.D.,  Fellow  of  the  Johns  Hopkins  University.  93  pp.,  4to> 
with  16  plates. 

IV.  Astronomy. 

1.  Abstract  of  a  Report  to  the  Solar  Physics  Committee  on  a 
Comparison  between  appdrent  InequnlUits  of  Short  Period  in 
Sun- Spot  Areas  and  i?i  jDiurmil  Temper* it nre-  Ranges  <it  Toronto 
and  at  Kew  ;  by  Balfour  Stewart,  M.A.,  LL.1).,  F.K.S.,  and 
William  Lant  Carpenter,  B.A.,  U.Sc. — It  has  been  known  for 
some  time  that  there  is  a  close  connection  between  the  inequalities 
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b  the  state  of  the  san's  Rarface  as  denoted  by  sun-spot  areas 
tod  those  in  terrestrial  magnetism  as  denoted  by  the  diurnal 
nnges  of  oscillation  of  the  declination  magnet ;  and  moreover  the 
observations  of  various  meteorologists  have  induced  us  to  suspect 
that  there  may  likewise  be  a  connection  between  solar  Inequalities 
and  thoHe  in  terrestrial  meteorology. 

This  latter  connection,  however  (assuming  it  to  exist),  is  not  so 
well  established  as  the  former,  at  least  if  we  compare  together 
Inequalities  of  long  period.  It  has  been  attempted  to  explain 
this  by  imagining  that  for  long  periods  the  state  of  the  atmo- 
sphere  as  regards  absorption  may  change  in  such  a  manner  as  to 
cloak  or  diminish  the  effects  of  solar  variation  by  increasing  ab- 
sorption when  the  sun  is  strongest  and  diminishing  absorption 
when  the  sun  is  weakest. 

On  this  account  it  seemed  desirable  to  the  authors  to  make  a 

flomparison  of  this  kind  between  short-period  Inequalities,  since 

[    for  these  the  length  of  period  could  not  so  easily  be  deemed  suffi- 

dent  to  produce  a  great  alteration  of  the  above   nature  in  the 

state  of  the  atmosphere. 

The  meteorological  element  selected  for  comparison  with  sun- 
ipots  was  the  diurnal  range  of  atmospheric  temperature,  an  ele- 
ment which  presents  in  its  variations  a  very  strong  analogy  to 
diurnal  declination-ranges. 

There  are  two  ways  in  which  a  com})arison  may  be  made  be- 
tween solar  and  terrestrial  Inequalities.  We  may  take  each  indi- 
fidual  oscillation  in  sun-spot  areas,  and  find  the  value  of  the  ter- 
restrial element  corresponding  in  time  to  the  maximum  and  the 
minimum  of  the  solar  wave.  If  we  were  to  perform  this  opera- 
tion for  every  individual  solar  Inequality,  and  add  together  the 
results,  we  might  probably  find  that  the  magnetic  declination- 
noge  was  largest  when  there  were  most  sun-spots.  If,  however, 
we  were  to  make  a  similar  comparison  between  sun-spot  daily 
treas  and  diurnal  temperature-ranges  we  might  not  obtain  a  deci- 
five  result.  For  at  certain  stations,  such  as  Toronto,  it  is  sus- 
pected ^the  verification  or  disproval  of  this  suspicion  being  one 
of  the  ODJects  of  this  paper)  that  there  are  two  maxima  and  two 
minima  of  temperature-range  for  one  of  sun-spots.  The  effect  of 
this  might  be  that  in  such  a  comparison  the  temperature-range 
corresponding  to  a  maximum  of  sun-spots  might  be  equal  in  value 
to  that  corresponding  to  a  minimum,  or,  in  other  words,  we  should 
get  no  apparent  result,  while,  however,  by  some  other  process 
proofs  of  a  real  connection  might  be  obtained.  But  it  we  can  get 
evidences  of  apparent  periodicity  in  sun-spot  fiuetuations  when 
dealt  with  in  a  particuhir  manner,  we  have  at  once  a  method 
whieh  will  afford  us  a  definite  means  of  comparison.  And  here, 
as  Professor  Stokes  has  pointed  out,  it  is  not  necessary  for  our 
\  present  purpose  to  discuss  the  question  whether  these  sun-spot 
Inequalities  have  a  real  or  only  an  apparent  periodicity.  Ail  that 
is  needful  is  to  treat  the  terrestrial  phenomena  in  a  similar  manner, 
or  in  a  manner  as  nearly  similar  as  the  observations  will  allow. 
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and  then  see  whether  they  also  exhibit  periodicities  (apparent  or 
real)  having  virtually  the  same  times  as  those  of  sun-spots,  tht 
phases  of  the  two  sets  of  phenomena  being  likewise  allied  to  one 
another  in  a  constant  manner. 

It  is  such  a  comparison  that  the  authors  have  made,  their 
method  of  analysis  being  one  which  enables  them  to  detect  tht 
existence  of  unknown  Inequalities  having  apparent  periodicity  in 
a  mass  of  observations.  A  description  of  this  method  has  already 
been  published  in  the  "Proceedings  of  the  Royal  Society"  for 
May  15th,  1879.  The  comparison  was  made  by  this  method  be- 
tween snn-spot  observations  extending  from  1832  to  1867  incln* 
sive,  Toronto  temperaiure-ran^e  observations  extending  from 
1844  to  18*79  inclusive,  and  Kew  temperature-range  observatioiii 
extending  from  1856  to  1879  inclusive.  The  following  conclo* 
sions  were  obtained  from  this  comparison. 

(1)  Sun-spot  Inequalities  around  24  and  26  days,  whether  ap» 
parent  or  real,  seem  to  have  periods  very  nearly  the  same  as 
those  of  terrest rial  meteorogical  Inequalities  as  exhibited  by  the 
daily  temperature-ranges  at  Toronto  and  at  Kew. 

(2)  While  the  sun-spots  and  the  Kew  temperatare-range  In- 
equalities present  evidence  of  a  single  oscillation,  the  correspond* 
ing  Toronto  temperature-range  Inequalities  present  evidence  of  a 
double  oscillation. 

(3)  Setting  the  celestial  and  terrestrial  members  of  each  indi* 
vidual  Inequality,  so  as  to  start  together  from  the  same  absolatt 
time,  it  is  found  that  the  solar  maximum  occurs  about  8  or  9daji  ^ 
after  one  of  the  Toronto  maxima,  and  the  Kew  temperature-raoge  '* 
maximum  about  7  days  after  the  same  Toronto  maximum. 

(4)  The  proportional  oscillation  exhibited  by  the  temperatare* 
range  Inequalities  is  much  less  than  the  proportional  oscillation 
exhibited  by  the  corresponding  solar  Inequalities. — I\'oc,  Roy, 
Socy  No.  232. 

2.  Astronomical  Ohservatiova  and  Researchei  made  at  Dun- 
sink,  Fifth  Part,  Dublin,  1884. — Dr.  Ball  has  in  this  volume 
given  the  result  of  a  systematic  search  for  stars  of  measurable 
parallax.  Nearly  four  hundred  stars  were  examined,  with  a  neg» 
ative  result ;  that  is,  they  did  not  indicate  an  annual  parallax 
large  enough  to  lead  him  to  give  further  attention  to  them.  The 
details  of  his  measurements  are  given.  Upon  four  stars,  how- 
ever. Dr.  Ball  has  made  elaborate  measurements  and  obtained 
these  parallaxes : 

61   CygDi,  7r  =  0'-4676. 

GroombridKe,  1618,  7r  =  0'-322. 

P.  Ill,  242,  7r  =  0''-046. 

6  Cygni,  7r  =  0'-482. 


Profi 

Struve,  Auwers,  Hall  and  Ball  indicate  that  the  true  value  canndl 
difier  much  from  one-half  a  second.     The  small  negative  parallai 
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^  m,  242,  strictly  taken  implies  that  this  star  is  a  little  more 
int  than  the  8th  magnitude  comparison  star,  87',  877. 

Zones  and   Zone   CcUtUogue  of  the  National  Argentine 
trvatory. — The  four  quarto  volumes  of  star  positions  referred 

5  Dr.  D.  A.  Grould  in  his  letter  in  the  December  number  of 
oamal,  have  been  received.  Two  of  them,  vols,  iii  and  iv, 
ain  zone  observations  made  in  1878,  and  two,  vols,  vii  and 
contain  the  zone  catalogue.  This  extends  from  declination 
3**  to  —  80®,  covering  thus  a  zone  from  —  23**  to  —  30°  which 
elander  had  observed  near  his  southern  horizon  at  Bonn,  and 
of  the  region  of  Oilliss's  observations  near  the  South  Pole, 
be  whole  number  of  stars  in  the  Catalogue  is  73,160.  A  few 
B  are  entered  as  of  the  tenth  magnitude,  though  the  limit  was 
eneral  the  9^'  magnitude.  Most  of  the  stars  were  observed 
once,  the  total  number  of  zone  observations  being  somewhat 
r  100,000.  This  zone  catalogue  constitutes  the  second  of  the 
«  principal  contributions  which  the  Argentine  Government 
Dr.  Gould  are  furnishing  to  astronomers.  The  first  was  the 
.Dometria  Argentina,  already  published ;  the  third  is  the  gen- 
catalogue  of  stars  spoken  of  in  his  letter  to  Professor  Dana, 
ted  in  the  last  number  of  this  Journal. 

.  International  Cofiference  held  at  Washington  for  the  pur- 
i  of  fixing  a  tVime  Meridian  and  a  Universal  Day^  October^ 
4. — A  volume  of  212  pp.,  large  octavo,  has  just  been  published 
taining  detailed  reports  of  the  eight  sessions  of  the  Interna- 
tal  Conference,  the  first  held  on  October  Ist,  and  the  last  on 
irember  1,  1884.  This  record  is  all  the  more  valuable  and 
cresting  in  view  of  the  important  results  to  which  the  discus- 
is  here  printed  in  full  finally  led. 

V.    Miscellaneous  Scientific   Intelligence. 

.  Systematic  Earthquake  Observations, — On  Nov,  21,  1884,  a 
iference  was  held  in  Washington  to  consider  and  arrange  a 
tematic  plan  of  earthquake  observation  throughout  the  coun- 
.  It  was  called  by  the  Director  of  the  Geological  Survey,  and 
re  were  present  Messrs.  J.  W.  Powell,  C.  E.  Dutton,  and  G.  K. 
bert  of  the  Geological  Survey,  H.  M.  Paul  of  the  Naval  Observa- 
f,  Cleveland  Abb6  and  C.  h .  Marvin,  of  the  Signal  service,  W. 
Davis  of  Harvard  College  and  C.  G.  Rockwood,  Jr.,  of  Prince- 
College. 

I  was  considered  desirable  to  attempt  work  in  two  directions. 
St. — The  collection  of  more  reliable  non-instrumental  observa- 
is,  by  the  general  distribution  of  circulars  of  information  and 
nk  reports,  to  be  filled  up  and  returned  to  some  central  office 
^r  the  occurrence  of  an  earthquake.  It  is  proposed  to  distribute 
le  circulars  as  widely  as  possible,  and  Professor  Rockwood 
)  requested  to  prepare  forms  for  the  necessary  correspondence. 
ond. — ^The  establishment  of  stations  provided  with  instru- 
Bta  for  the  more  or  less  complete  recordmg  of  the  earth's  mo- 


^  MisceUa/neavs  Intelligence. 

Mi^iK  't^M^^  would  probably  be  of  two  grades ;  the  more  t 
VH4R  v^kVH  hiiving  some  simple  and  inexpensive  form  of  8eiBm< 
t\>  »wvni  the  occurrence  of  a  shock  and  to  mark  the  ti 
s>.\i4\^ily  HH  possible,  while  a  less  number  of  selected  stations 
bv  piwideil  with  more  elaborate  seismographs  to  record  as 
HH  |K>Miible  the  details  of  the  earth's  movement.  As  prelin 
Wi>rk  in  this  direction,  Messrs.  Paul,  Rockwood  and  Marvin 
report  upon  the  form  of  instruments  to  be  adopted  ;  and  N 
Korkwood,  Abbe  and  Davis  are  to  consider  the  best  geogra 
dihti'ibution  of  the  stations ;  Professor  Rockwood  having  i 
taken  to  prepare  a  chart  of  the  geographical  distribution  ( 
earthquakes  which  have  occurred  in  the  United  States  and  C 
iu  the  last  twelve  years  as  recorded  in  his  published  lists. 

licsides  this  preparation  for  observational  work  Mr.  Da 
to  report  upon  the  bibliography  of  recent  seismology,  an 
Paul  upon  instruments  already  employed  in  other  countri 
pecially  Japan ;  while  other  related  topics  are  not  overk 
The  work  is  to  be  conducted  under  the  supervision  of  the 
Geological  Survey  which  will  attend  to  the  executive  det2 
the  scheme.  And  when  sudicient  observations  have  bee 
lected  they  will  be  put  into  the  proper  hands  for  Scienti6c  c 
aion.  c.  g 

2.  Volcanic  Phenomena  o/]8SS.  (Die  Vulcanische  Ereij 
des  Jahres  1883.  19.  Jahresbericht  von  C.  W.  C.  Fuchs.- 
u.  Petrog.  Mittheil.) — The  report  of  C.  W.  C.  Fuchs  coi 
as  usual  an  account  of  the  volcanic  eruptions  and  earthqual 
the  year.  iModerate  eruptions  of  Etna  are  noted  during  1 
and  April,  and  others  during  the  year  from  Vesuvius  and 

Eaxi  and  also  in  Iceland,  Nicaragua,  Colombia  and  Alaska, 
y  far   the  most  important  outbreak  was  the  great  erupti 
Krakatoa,  in  the  straits  of  Sunda,  on  August  26  and  27. 

The  activity  of  this  volcano,  which  formed  a  small  uninhs 
island  lying  between  Java  and  Sumatra,  was  first  reported 
passing  vessel  on  May  20,  as  indicated  by  white  clouds  to 
Its  peak  and  a  considerable  fall  of  ashes.  It  was  noted  from 
to  time  during  the  summer  by  subterranean  explosions,  b 
expulsion  of  ashes  and  by  the  presence  of  large  amour 
pumice  in  the  neighboring  seas.  The  great  eruption  begj 
August  26  and  culminated  on  the  27th  in  a  grand  explosio 
which  a  large  poition  of  the  mountain  was  blown  bodily  int 
.air  juid  fell  in  the  neighboring  straits,  forming  there  twc 
islands  of  considerable  size,  which  however  have  since  yield 
the  eroding  action  of  the  waves.  At  the  same  time  destn 
eruptions  of  lava  and  ashes  were  taking  place  from  the  vole; 
Mana  Meru,  Gunung  Gunter,  Kandang  and  Papandayang  in 
The  explosion  of  Krakatoa  not  only  changed  very  rauc 
*OOQformation  of  that  island,  reducing  its  land  area  by  over 
thirds,  but  gave  rise  to  immense  sea  waves,  which  washed  a 
i|[arroandiiig  coasts,  carrying  death  and  destruction  to  all  in 
,  and  were  still  sensibly  lelt  at  far  distant  places  in  J 
America*    It  also  caused  an  atmospheric   wave  which 
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raced  three  times  around  the  earth  by  irregularities  in  the  trac- 
Bgs  of  aelf-registering  barometers. 

Dr.  Fuchs  does  not  favor  the  idea  that  the  wonderful  sky-glows 
iWrved  daring  the  past  winter  were  caused  by  dust  from  Kra- 
:atoa  disseminated  in  the  upper  strata  of  the  atmosphere.  And 
le  remarks  that  ^Hhe  eruption  of  Krakatoa  although  very  violent 
utf  been  equaled  or  exceeded  by  others ;  e.  g.,  that  of  Asama- 
rama  1788,  of  Temboro  1815,  of  Cose^uina  1835,  as  well  as  by 
3ekla  1845,  Mauna  Loa  1866,  and  Pochutla  1870.  In  no  one  of 
ibese  cases,"  he  says,  "  was  a  similar  sky-glow  observed."  It  may 
M  remarked,  however,  that  the  absence  of  any  such  observation  in 
xmnection  with  former  great  eruptions  is  by  no  means  conclusive  ; 
lot  some  eruptions,  as  that  of  Mauna  Loa  referred  to,  consisted 
■ostly  of  lava  flows,  with  which  no  great  amount  of  ashes  was 
(KCted,  nor  to  any  great  altitude ; — others,  as  Hekla,  which  ex- 
kibited'more  of  the  explosive  character,  were  in  much  higher  lati- 
Utdes  and  out  of  the  great  equatorial  currents  of  the  atmosphere ; 
while  in  earlier  cases,  as  Temboro,  the  phenomena  might  easily 
bite  escaped  recognition  and  record. 

The  record  of  earthquakes  includes  263  items,  of  which  79  are 
OD  the  American  Continent  and  have  been  already  noticed  in  this 
loumal.*  By  seasons  they  are  distributed  as  follows: — Winter 
(6  (Dec.  21,  Jan.  21,  Feb.  14);  Spring  66  (March  2'2,  April  20, 
Iby24);  Summer  68  (June  20,  July  29,  Aug.  19);  Autumn  73 
[Sept.  29,  Oct.  30,  Nov.  14).  On  41  days  there  were  shocks  in 
kwo  or  more  localities,  and  at  24  places  there  were  shocks  on 
Bereral  dates. 

The  most  important  earthquake  was  that  in  Ischia,  July  28.f 
In  regard  to  its  causes  Dr.  Fuchs  says : — The  earthquake  of  July, 
1883,  does  not  belong  to  the  volcanic  earthquakes  hitherto  fre- 
quent in  the  island ;  and  a  real  downfall  or  a  collapse  of  a  great 
cavity  finds  as  little  reason.  The  materials  of  the  hill  have  only 
shifted  somewhat  and  rearranged  themselves  until  they  again 
found  sufficient  support.  And  this  change  was  completed  at  a 
moderate  depth.  On  this  account  was  the  surface  action  of  the 
etrthquake  uncommonly  strong  and  its  extent  very  limited." 

Ad  appendix  adds  a  few  items  for  1880  and  1882,  and  notices 
the  monograph  of  Professor  A.  Forster  on  the  Berne  Earthquake 
of  Jan.  27,  1881  ;  and  that  of  Dr.  R.  Canaval  on  the  Carinthian 
Earthquake  of  Nov.  5,  1881.  c.  o.  b. 

3.  Second  Annual  Heport  of  the  Buremc  of  Ethnology  to  tht 
tkcretary  of  the  Smithsonian  Institution  y  1880-81 ;  by  J.  W. 
PowKLL,  Director.  477  pp.  4to,  with  numerous  plates  and  fig- 
ares.  Washington,  1884. — This  volume  is  a  worthy  companion 
in  its  subject  matter  and  illustrations  to  its  predecessor  issued  a 
year  or  so  ago.  It  shows  the  rapid  progress  Avhich  is  being 
made  in  the  work  of  studying  and  recording  the  languages, 
nanners  and  customs  of  our  Indian  tribes — a  work  the  value  and 
importance  of  which  can  hardly  be  overestimated.     The  volume 

*  voL  xxvii,  p.  358.  f  vol.  xxvi,  p.  473. 
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opens  with  the  report  of  the  Director,  in  which  is  given  a  state- 
ment of  the  plan  on  which  the  work  is  being  carried  forward,  and 
a  summary  of  the  work  done  by  a  number  of  specialists  in  diffe^ 
ent  subjects.     The  following  is  a  list  of  the  papers  printed  in  full 
and  making  up  the  bulk  of  the  volume :  Zuni  fetiches,  by  F.  H. 
Cashing;  Myths  of  the  Iroquois,  by  Mrs.  Erminnie  A.  Smith; 
Animal  Carvings  from  the  mounds  of  the  Mississippi  Valley,  by 
H.    W.    Hensbaw ;    Navajo   Silversmiths,   by   Dr.    Washington 
Matthews,  U.  S.  A.;  Art  in  Shell  of  the  ancient  Americans,  by 
W.  H.  Holmes;  Illustrated  Catalogue  of  the  collections  obtained 
from  the  Indians  of  New  Mexico  and  Arizona,  in  1879,  and  from 
the  Indians  of    New   Mexico,   in    1880,   by   James   Stevenson. 
These  papers  contain  a  vast  amount  of  interesting  and  valuable 
material  rendered  the  more  attractive  by  the  profusion  of  illustra- 
tions, upwards  of  700  in  number,  and  many  of  them  colored,  the 
excellence  of  the  execution  of  which  leaves  nothing  to  be  desired. 
4.  jBulletin  of  the  New  England  Meteorological  Society^  Na 
1,  November,  1884,  with  a  map. — This  bulletin  contains  a  sum- 
mary  of   the   meteorological   conditions   of  New    England  for 
November,  based  upon  reports  from  forty-five  observers,  six  of 
whom  were  connected  with  the  U.  S.  Signal  Service. .  Besides 
the  statement  of  the  conditions  as  to  precipitation,  teraperatare^ 
storms,  wind,  auroras  and  earthquakes,  etc.,  some  experiment! 
are  mentioned  as  having  been  made  by  Mr.  Desmond  Fitz  Gerald, 
of  Brookline,  '*  to  show  the  highest  and  lowest  temperatures  io 
tbe  open  air  and  in  the  woods  under  deciduous,  and  under  pine 
trees.     Extreme  differences  of  7°  in  the  maximum,  and  9**  in  the 
minimum  temperatures  were  noted.     The  mean  of   twenty-four 
observations  gave  the  following  results : 

OpeD  Air.        Deciduous  Woods.     Pine  Woods. 

Maximum 50^-62  SO'IS  47'*'88 

Minimum 25*'-82  26"-32  26"-68" 

In  regard  to  the  objects  aimed  at  by  the  Society  we  quote 
from  the  Bulletin.  *'  The  New  England  Meteorological  Society 
was  formed  in  Boston,  in  June,  1884,  to  promote  the  study  of  | 
atmospheric  phenomena  in  New  England.  The  aim  of  the  Soci-  | 
ety  is  to  promote  uniformity  and  accuracy  among  observers,  to  \ 
establish  systematic  observations  in  new  localities,  and  to  disease  " 
and  publish  the  results  obtained.  .  .  .  The  Council  has  begun  its  > 
work  by  undertaking  to  collect  statistics  of  meteorological  phe-  | 
nomena,  and  to  issue  a  monthly  bulletin  containing  a  summary  5 
of  the  observations,  with  such  other  items  of  interest  as  it  may  ^ 
be  possible  to  present  from  time  to  time.  Special  attention  ie 
paid  to  precipitation  and  range  of  temperature,  and  many  more 
observers  are  needed.  Observations  are  welcomed  from  any  one,  i 
whether  a  member  of  the  Society  or  not.  In  order  to  secure  - 
greater  uniformity  and  accuracy  in  the  records,  circulars  have 
been  prepared  containing  suggestions  as  to  instruments  to  be  • 
used  and  the  best  methods  of  exposure;  they  can  be  obtained  on  i 
application  to  the  Director,  together  with  blank  forms  for  record-  ^ 
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e  observations.  The  Society  is  a  voluntary  association, 
pends  upon  the  fees  of  its  members  for  the  cost  of  issuing 
lietin,  and  for  its  other  expenses.  It  is,  therefore,  hoped 
1  interested  in  meteorology  will  connect  themselves  with  it 
i  in  promoting  the  objects  it  has  in  view.  Correspondence 
g  to  the  Society  and  to  membership  should  be  addressed  to 
.  Davis,  Secretary,  Cambndge,  Mass.  Correspondence  re- 
to  matters  of  observation  should  be  addressed  to  Winslow 
,  Director,  Providence,  R.  I." 

imerican  Society  for  Psychical  Research.  —  A  Society  has 
•ecently  organized  at  Boston,  the  object  of  which,  like  that 
nilar  Society  formed  in  England  in  1882,  is  (to  quote  from 
)ceedings  of  the  latter)  to  make  "  an  organized  and  syste- 
attempt  to  investigate  that  large  group  of  debatable  phe- 
a  designated  by  such  terms  as  mesmeric,  psychical  and 
alistic.  From  the  recorded  testimony  of  many  competent 
ses,  past  and  present,  including  observations  recently  made 
5ntific  men  of  eminence  in  various  countries,  there  appears 
amidst  much  illusion  and  deception,  an  important  body  of 
cable  phenomena,  which  are  priiud  facie  inexplicable  on 
jnerally  recognized  hypothesis,  and  which,  if  incontestably 
shed,  would  be  of  the  highest  possible  value.  The  task  of 
ling  such  residual  phenomena  has  often  been  undertaken 
ividual  effort,  but  never  hitherto  by  a  scientific  society 
zed  on  a  sufficiently  broad  basis.  The  aim  of  the  Society 
ipproach  these  various  problems  without  prejudice  or  pre- 
dion of  any  kind,  and  in  the  same  spirit  of  exact  and  unim- 
led  inquiry  which  has  enabled  science  to  solve  so  many 
us,  once  not  less  obscure  nor  less  hotly  debated." 
Committee  appointed  consists  of  nine  gentlemen,  viz :  G. 
J  Hall  (Chairman),  E.  C.  Pickering,  William  James,  Al- 
Hyatt,  Samuel  H.  S(;udder,  H.  P.  Bowditch,  C.  S.  Minot, 
m  Watson,  N.  D.  C.  Hodges  (Secretary,  19  Brattle  street, 
idge). 

jnerican  Pearls.  —  At  the  Philadelphia  meeting  of  the 
.\in  Association  for  the  Advancement  of  Science,  Mr.  Geo. 
izread  a  preliminary  paper  on  the  **  American  Pearl,"  treat- 
its  history,  production,  value  and  uses.  .Mr.  Kunz  states 
p  is  still  engaged  on  this  subject,  which  will  in  the  near 
be  illustrated  and  published  by  the  United  States  Fisheries 
ission  in  their  bulletin,  and  he  would  greatly  appreciate, 
ve  full  credit  for,  any  reliable  facts  that  may  be  furnished 

His  address  is  Tiffany  &  Co.,  New  York  City. 
\mziergdn(je  durch  das  Reich  der  Stenie ;  Astronomische 
tons  von  M.  W^ilhelm  MEYEii.  321  pp.  8vo.  Vienna, 
A.  Hartleben's  Verlag). — The  author,  formerly  first  astron- 
in  Geneva,  has  brought  together  in  this  volume  a  very 
le  and,  for  the  general  public,  instructive  series  of  essays 
arious  astronomical  sul)jects.  They  are  written  in  a  bright 
ityle  with  a  good  deal  of  quiet  humor.     A  fair  impression 
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^*  iW  ekaraoter  of  the  volume  may  be  obtained  from  the  titlei 
vlf  4«Ma0  of  the  chapters  taken  at  random,  such  as: — The  Son  of  the 
IliaHh  (the  Moon) ;  A  well  known  guest  (the  Comet  Pons) ;  The 
5^r  of  the  three  Kings  (new  Stars) ;  How  one  becomes  tn 
Ai*(ronomer  (Bessel). 

8,  Elisha  Mitchell  Scientific  Society  of  RcUeigh^  N.  C,  Jour- 
tkcU  for  the  year  1883-84. — This  society,  now  a  year  old,  is  named 
after  an  able  professor  of  Chemistry  of  the  University  of  North 
i-arolina,  Elisha  Mitchell — "a  naturalist  by  inheritance,  by  in- 
clination, by  education  and  by  profession" — whose  lamented  death 
(UH5urred  in  1 857,  by  a  fall  from  a  precipice  while  descending  Black 
Mountain.  In  1835  he  measured  the  altitude  of  this  peak,  aod 
found  it  6,508  feet  above  Morgantown,  which,  with  the  now  known 
height  of  Morgantown,  makes  it  6,708  feet  above  tht  sea — only 
7  ^et  above  the  height  obtained  by  Professor  Guyot  in  1866. 
His  ascent  in  1857  was  undertaken  to  remove  a  lingering  doaht 
as  to  whether  the  peak  measured  was  the  highest  or  not  of  the 
group.  The  name  given  the  society  is  one  of  many  honors  to  his 
memory  from  the  citizens  of  North  Carolina.  This  first  publica- 
tion of  the  Society  contains  papers  on  thephosphatic  deposits  of 
North  Carolina,  by  C.  W.  Dabney,  Jr.  and  W.  B.  Phillips,  analyset 
of  the  cassiterite  of  King's  Mountain,  N.  C,  by  C.  W.  Dabney; 
on  Indian  Burial  Grounds  of  North  Carolina,  by  J.  A.  Holmes, 
and  other  papers  of  interest. 

9.  Leisure  Hours  among  the  Gems;  by  Augustus  C.  Hamlqi. 
439  pp.  8vo,  with  two  colored  plates.  Boston,  1884  (James 
Osgood  &  Co.) — ^The  author  has  brought  together  in  this  volume 
many  interesting  facts  in  regard  to  the  more  important  gems, 
their  occurrence,  history,  etc.  The  scientific  theories  ad- 
vanced, however,  will  not  always  bear  examination,  and  a 
good  deal  of  space  is  given  to  the  discussion  of  irrelevant  matter. 

A  Treatise  on  the  Principles  of  Chemistry,  by  M.  M.  Pattiaon  Muir,  M.A., 
F.R.S.B.     488  pp.  8vo.     Cambridge,  1884.    (University  Press.) 

The  Elements  of  Chemistry,  Inorganic  and  Organic,  by  Professor  Sidney  A. 
Norton.  604  pp.  8vo.  Cincinnati  and  New  York,  1884.  (Van  Antwerp 
Bragg  A  Co.) 

Bulletin  de  la  Soci^t^  Beige  d'filectriciens,  Tome  premier,  1884.     Brusaella 

Bulletin  No.  2,  of  the  Illinois  State  Museum  of  Natural  History,  Springfield, 
Illinois,  28  pp.  8yo.  Contains  descriptions  of  new  Carboniferous  Crustaceans, 
MoUusks  and  Crinoids,  by  A.  H.  Worthen. 

Memoirs  of  the  Geological  Survey  of  India. — Fossil  Echinoidea  from  Western 
Sind,  with  16  plates,  by  P.  Martin  Duncan  and  W.  Percy  Sladen.     Calcutta,  1888 

OBITUARY. 

Hermann  Kolbb. — It  is  announced  that  the  German  i^hemiftt, 
Professor  Hermann  Kolbe,  died  suddenly  on  the  26th  of  last 
November,  in  bis  67th  year.  A  sketch  of  bis  life  and  work  is 
promised  to  appear  in  the  coming  number  of  the  Journal  far 
praktische  Chemie^  of  which  he  was  long  the  editor. 
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BsNJAifiN  SiLLiMAN,  SOD  of  Benjamin  Silliman  the  founder 
of  this  Journal,  and  long  one  of  its  editors,  died  at  New 
Haveo,  Connecticut,  on  the  fourteenth  of  January,  1885. 

Mr.  Silliman   was   born  in  New   Haven,  on   the   fourth  of 
December,   1816.       His  mother,   Harriet  Trumbull,   was  the 
daughter  of  Jonathan  Trumbull,  Governor  of  the  State  of  Con- 
necticut from  1798  to  1809.     Surrounded  from  his  childhood 
by  an  atmosphere  of  science,   he  early    made  acquisitions  in 
chemistry  and  mineralogy,  and  exhibited  also  much  interest  in 
the  practical  arts  and  mechanics.     He  entered  Yale  College  in 
August,  1833,  and  was  graduated   four  years  later,  with  the 
class  of  1837,  a  class  which  included  an  unusual  number  of 
f    men  who  have  since  had  prominent  positions  in  the  country. 
Before  graduation,  in  the  summer  of  1836,  he  began  his  mining 
explorations  in  a  visit  with  his  father  to  the  gold  region  of 
7iiginia,  a  report  on  which,  over  thirty  pages  in  length,  by  his 
father,  is  contained  in  volume  xxxii  of  this  Journal. 
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After  leaving  college,  in  1837,  he  became  his  father's  assistant   . 
in  chemistry  and  his  other  departments,  a  position  just  then  left 
vacant  by  the  resignation  of  Mr.  J.  D.  Dana,  who  had  received 
an  appointment  to  the  department  of  Geology  and  Mineralogy 
in  the  Wilkes  Exploring  Expedition. 

The  Laboratory  gave  him  opportunities  for  experiment  and 
study  of  which  he  assiduously  availed  himself ;  and  by  the 
year  1842  he  had,  without  outside  help,  of  which  the  coantiy 
afforded  then  almost  nothing,  acquired  sufficient  knowledge  of 
general  and  analytical  chemistry  and  mineralogy  to  enable  him 
to  instruct  others  on  these  subjects,  and  he  received  a  few 
students  in  what  would  now  be  called  very  narrow  quartans  in 
the  old  laboratory  of  the  collega  One  of  the  earliest  of  tbese 
private  pupils  was  Mr.  John  P.  Norton,  afterward  Mr.  Silliman'a 
associate,  who  studied  with  him  in  1842  and  1848,  and  later 
spent  two  years  in  laboratories  in  Edinburgh  and  Utrecht 
Another  was  Mr.  T.  Sterry  Hunt,  who  commenced  his  stadies 
with  Mr.  Silliman  in  1845, — then  a  young  man  of  20  yeaiBi 
having  some  knowledge  of  chemistry  and  a  zeal  for  science, 
which  he  brought  with  him  from  his  home  in  Norwich  (Oon* 
necticut),  that  commended  him  strongly  to  both  the  Sillimans. 

This  was  the  commencement  of  work  in  advanced  chemistry 
in  the  GoU^e ;    but  it  was  outside  of  the  College  curriculom 
and  had  no  recognition  from  the  College  authorities.     In  1846 
a  memoir  to  the  Corporation  by  himself,  adopted  and  seconded 
by  his  father,  urging  the  official  recognition  and  organization  of 
a  new  department  of  advanced  science,  led  to  the  establish* 
ment  of  the  '*  Department  of  Philosophy  and  the  Arta."     The 
"School  of  Applied   Chemistry'*   was  organized   under   this 
department,   and   placed   in   the  charge  of  Mr.   Silliman,   as 
Professor  of  Chemistry  applied  to  the  Arts,  and  Mr.  John  P- 
Norton,  as  Professor  of  Agricultural  Chemistry.     The  school 
took  possession  of  the  old  Presidential  residence  on  the  ooUego 
ground,  which  the  professors,  without  salaries  from  the  colleges 
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aod  at  their  own  expense,  fitted  up  for  the  purpose — by  the 
permission  of  College  authorities,  but  without  the  privilege  of 
using  the  building  free  of  rent.  Thus  Mr.  Silliman,  through 
his  zeal  and  energy,  early  made  a  strong  impression  on  the  sys- 
tem of  education  at  Yale;  and  the  College  had,  almost  un- 
knowingly to  itself,  taken  an  important  step  toward  the  rank 
and  character  of  a  university. 

The  School    was  successful   from   the  beginning,  and   the 

enthusiasm  of  the  professors  called  out  equal  enthusiasm  in  the 

pupils.    It  was  the  germ  from  which  proceeded  later,  under  an 

enlarged  faculty — though  still  an  unpaid  self-sacri6cing  faculty 

—the  Yale  Scientific  School ;  and  this  prepared  the  way  for 

the  greater  expansion  under  the  generous  gifts  of  Mr.  Sheffield. 

Among  the  six  students  of  the  year  1847,  the  first  after  the 

new  organization,  were  three,  G.  J.  Brush,  S.  W.  Johnson  and 

Wm.  H.   Brewer,  who  later  became  professors  in  the  Yale 

Scientific  School,  and  are  still  in  active  service.     Mr.  Silliman's 

connection  with  the  Scientific  School  continued  until  1869,  but 

his  instruction  was  interrupted  by  his  residence  in  Louisville 

meDtioned  below,  and   to  a  greater  or  less  degree  after  his 

return  to  New  Haven  by  duties  in  other  directions. 

In  1838,  Mr.  Silliman  became  associated  with  his  father  in 
the  editorship  of  the  American  Journal  of  Science  and  Arts, 
the  Journal  then  in  its  21st  year  and  Mr.  Silliman  in  his  22nd. 
This  arrangement  continued  until  the  close  of  1846,  when  the 
first  series  of  fifty  volumes  was  ended,  after  which  Mr.  James 
D.  Dana  was  associated  with  Mr.  Silliman  in  the  editorial 
daties.  Up  to  the  present  time,  1885,  his  name  has  stood 
among  those  of  the  editors  of  the  Journal  now  for  nearly  half 
a  century. 

In  the  winter  of  1845-46,  Mr.  Silliman  gave  a  course  of 
lectures  on  Agricultural  Chemistry  in  New  Orleans  upon  the 
invitation  of  leading  commercial  and  professional  men  in  that 
city.   Iq  1849  he  received  the  appointment  of  Professor  of 
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Medical  Chemistry  and  Toxicology  in  the  MedicaP College  al 
Louisville,  Kentucky,  which  chair  he  occupied  for  five  yean. 
Louisville  became  for  the  time  his  place  of  residence.  He 
relinquished  this  position  in  1854  to  enter  upon  instruction  in 
the  Academic  and  Medical  departments  of  Yale  College,  his 
father^s  resignation  having  left  the  place  vacant.  His  position 
as  Professor  in  General  and  Applied  Chemistry  in  the  Aca- 
demic College  he  resigned  in  1870,  but  retained  his  connection 
with  the  Medical  School  until  his  death. 

In  1861  Mr.  Silliman  accompanied  his  father  on  the  latter's 
second  visit  to  Europe.  During  the  time  abroad  the  party 
visited  England  and  from  there  traveled  through  Franoe  to 
Italy  and  Sicily.  On  the  return  some  time  was  spent  in  Swits- 
'  erland  and  Germany.  The  journey  was  a  profitable  one  in 
many  ways.  The  former  European  tour  of  his  father,  in 
1805-6,  had  been  cut  short  by  war  which  compelled  a  speedy 
retreat  after  a  brief  time  in  Holland,  and  it  was  a  special  delight 
to  him  now  to  visit  regions  of  volcanoes  and  glaciers,  which  had 
been  subjects  of  eloquent  lectures  by  him  for  so  many  years,  and 
to  see  face  to  face  the  men  whose  names  he  had  so  often  quoted, 
and  so  long  honored — Lyell  and  Murchison  in  England,  Brong* 
niart,  Milne-Edwards  and  !£!lie  de  Beaumont  in  Paris,  Marignao 
and  De  la  Bive  in  Geneva,  Humboldt,  Bose,  Liebig  and  others 
in  Germany;  and  in  this  pleasure  his  son  shared  most  pro* 
foundly. 

In  1858  Mr.  Silliman  had  charge  of  the  Chemical,  Mineralog* 
ical  and  Geological  department  of  the  Crystal  Palace  in  New 
York.  At  this  lime  he  edited,  in  connection  with  Mr. 
Charles  B.  Goodrich,  a  large  illustrated  quarto  volume  entitled 
the  "  World  of  Science,  Art  and  Industry ;"  and,  in  1854, 
another  similar  volume  entitled  *'The  Progress  of  Science  and 
Mechanism." 

In  March,  1864,  he  made  his  first  visit  to  California,  where, 
for  about  a  year,  he  was  engaged  in  the  professional  work  o( 
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zmmining  and  reporting  on  minea.  Hib  mining  explorationa 
t  this  time  were  extended  into  Arizona ;  and  one  of  the  vol- 
imes  of  this  Journal  for  1866,  contains  an  account  by  him  of 
lis  trip  to  the  Mojave  desert,  Fort  Mojave  and  the  San  Fran- 
nsoo  Mining  district  This  visit  covered  the  period  of  his 
other's  death  at  New  Haven  which  occurred  in  November  of 
that  year.  A  second  visit  to  the  Pacific  States,  for  a  similar 
purpose,  was  made  by  him  in  the  year  1867,  and  still  another 
in  1872;  and  after  1872,  his  journeyings  as  a  mining  expert 
carried  him  over  nearly  all  the  rest  of  the  Rocky  Mountain 
region  within  the  limits  of  the  United  States. 

Mr.  Silliman's  scientific  publications  are  numerous  and  cover 
a  wide  field.  In  1846,  his  father's  work  on  chemistry  having 
been  long  out  of  print,  he  published  his  *' First  Principles  of 
Chemistry."  The  work  had  many  excellent  features,  was 
highly  valued  in  the  country  and  met  with  great  success,  more 
than  fifty  thousand  copies  of  the  three  editions  (1846-1858) 
having  been  sold.  In  the  part  of  the  work  on  Organic  Chem- 
istry he  had  the  assistance  of  Dr.  T.  Sterry  Hunt.  About  ten 
years  later,  in  1858,  appeared  another  work,  of  somewhat  sim- 
ilar nature,  entitled  the  "  First  Principles  of  Physics  or  Natural 
Philosophy;"  a  second  edition  of  it  was  published  in  1860. 
For  the  work  the  author  modestly  claimed,  in  his  Preface,  only 
the  credit  that  "belongs  to  a  faithful  digest  and  compilation 
from  the  best  authorities  in  modern  science."  The  volume  con- 
tained a  vast  amount  of  matter,  well  arranged  for  instruction, 
and  for  many  years  it  was  the  best  known  of  Physical  text- 
books in  the  country. 

Mr.  Silliman's  papers  in  this  Journal  are  more  than  fifty  in 
number,  and  embrace  a  wide  range  of  subjects.  The  larger 
part  are  descriptions  of  minerals,  more  especially  from  the 
chemical  side,  and  among  the  papers  are  many  of  prominent 
interest:  on  the  composition  of  Calcareous  Corals  (1846) ;  on 
the  new  species,  Emerald  Nickel,  from  Texas,  Pa.  (1847) ;  the 
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results  of  the  optical  examination  of  the  Micas  (1860) 
Gay-Lussite  from  near  Ragtown,  Nevada  (1866),  in  whic 
occurrence  of  this  mineral  in  process  of  formation  is  descr 
on  Priceite  a  new  borate  of  lime  (1873);  on  Platinun 
Iridosmine  at  the  Cherokee  Gold  Mine,  California  (1 
Tellurium  ores  of  Colorado  (1874) ;  on  the  occurrence  of 
with  scheelite  in  Idaho  (1877);  on  Jarosite  in  Arizona  (1 
on  Vanadates,  Chromates  and  Tungstates  in  Arizona  (1 
on  the  Iron  Mountain  of  Durango,  Mexico  (1882). 

In  the  department  of  mineralogy  he  always  took  an  i 
interest  His  opportunities  for  collection  were  large  ai 
accumulated  a  fine  cabinet  which,  in  1868,  was  sold  to  O 
University,  where  it  bears  the  name  of  the  Silliman  Ca 
The  mineralogical  collections  of  Yale  College  are  indebl 
him  for  various  gifts;  and  through  his  personal  solicitat' 
funds  the  Baron  Lederer  Collection  was  secured,  in  18^ 
the  college. 

Other  papers  by  him  relate  to  meteoric  stones  and  iro 
those  of  Burlington,  N.  Y.,  Lockport,  N.  Y.,  of  Texas,  ol 
cord,  N.  H.,  Shingle  Springs,  Cal. ;  points  in  geologj 
physical  optics;  photographic  experiments  with  the  v 
arc,  then  a  matter  of  novelty;  the  illuminating  pow< 
gas,  etc. 

Professor  Silliman  delivered  one  of  the  addresses  o 
occasion  of  the  celebration  of  the  Centennial  of  Chemii 
Northumberland,  Pennsylvania  in  August,  1874,  whici 
the  form  of  a  full  list  of  American  Contributions  to  Chei 
up  to  the  date  of  the  meeting ;  it  extended  to  one  hu 
and  seventy-six  pages  and  is  a  valuable  historical  woi 
result  of  a  vast  amount  of  labor.  It  contains  a  compk 
of  his  own  papers  up  to  the  time  of  publication. 

Mr.  Silliman,  throughout  his  life,  but  especially  in  tl 
twenty  years,  gave  a  large  part  of  his  energies  to  wc 
•fyplied  science^  including  the  examination  of  mines,  the 
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iffttioti  of  reports  on  questions  connected  with  the  chemical 
.  arts  and  mannfaotares,  in  which  sabjects  his  knowledge  was 
I  Tsmarkably  extensive,  expert  testimony  in  coarts,  and  other 
matters  of  practical  interest  His  reports  on  these  subjects 
have  been  very  numerous  and  involved  a  great  amount  of 
work.  One  of  the  latest  and  most  important,  was  the  report 
to  the  National  Academy  of  Sciences,  as  chairman  of  a  com- 
Aittee  appointed  by  them,  on  the  subject  of  the  use  of  Sorghum 
M  a  source  of  sugar.  His  position  as  State  Chemist,  to  which 
ke  was  appointed  in  1869,  also  gave  him  much  to  do  in  the 
Ibe  of  applied  chemistry. 

Professor  Silliman  took  a  personal  interest  in  the  municipal 
affidra  of  the  town  of  New  Haven,  and  in  his  early  life,  between 
1846  and  1849,  he  was  a  member  of  the  Common  Council. 
He  was  one  of  the  fifty  original  members  of  the  National 
Academy  of  Sciences,  incorporated  by  Congress  in  1863.  He 
was  also  a  member  of  a  number  of  other  Scientific  Societies  at 
home  and  abroad. 

Professor  Silliman  was  a  man  of  exceedingly  generous  nature 
and  kindly  disposition.  He  was  ever  cheerful,  ever  inclined  to 
look  upon  the  bright  side  of  life,  hopeful  and  sanguine  of  suc- 
cess where  others  might  be  discouraged ;  and  if  his  expecta- 
tions for  himself  and  others  were  not  always  realized,  it  was 
laigely  owing  to  this  element  in  his  character.  In  society  he 
.  was  most  genial,  abounding  in  converFation  based  on  a  remark- 
able range  of  information  on  general  topics  and  with  anecdote 
ready  for  the  entertainment  of  his  guests.  Hospitality  to 
friends  of  the  College  or  to  men  of  science  or  to  those  of  his 
own  kin  and  personal  intimacy  was  his  delight,  and  to  this 
aome  of  those  present  at  the  recent  meeting  of  the  British 
Association  can  testify. 

.  During  the  greater  part  of  his  life  Mr.  Silliman  enjoyed 
excellent  health.  He  had  much  more  than  the  ordinarv  amount 
at  ▼igor,  and  rarely  felt  the  necessity  of  considering  whether 
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he  were  able  to  undertake  any  labor  proposed  to  him  or  not. 
Four  years  since,  after  an  excursion,  late  in  the  autumn  of 
1880  among  the  mountains  of  Pennsylvania,  he  was  prostrated 
for  some  weeks  with  heart  disease;  and  it  seemed  to  his  friends 
for  awhile  that  at  the  best  his  days  of  active  work  were  at  an 
end.  But  in  the  course  of  another  six  months  he  was  off  to 
New  Mexico  on  a  visit  to  the  Negretta  Mountains  (Black 
Bange)  in  Socorro  County  ;  and  he  returned  from  the  elevated 
mountain  region  apparently  uninjured  by  the  trip,  though 
conscious  of  a  weakened  constitution.  His  energy  was  &r 
from  giving  out ;  and  other  excursions  were  undertaken  in  the 
course  of  the  following  year^,  including  another  trip  to  New 
Mexico.  His  recent  illness  commenced  in  October  last,  with  a 
severe  return  of  his  heart  complaint,  complicated  by  an  attack 
of  pneumonia;  and  from  that  time  his  decline  made  slow  bat 
steady  progress — more  visible  to  friends  than  to  himselL 

One  of  the  last  literary  labors  which  he  performed  was  the 
preparation,  for  the  National  Academy  of  Sciences,  of  a  memoir 
of  his  old  friend  and  colleague  at  Louisville,  Dr.  J.  Lawrence 
Smith  ;  and  during  the  last  few  weeks  of  his  life,  when  his 
strength  was  already  largely  gone  he  gave  directions,  with  a 
touching  degree  of  affection  and  interest,  for  the  completion  of 
the  medal  which  was  to  commemorate  the  labors  of  his  Aca- 
demic associate.  The  generous,  whole-souled  affection  for  his 
friends,  which  characterized  his  entire  life,  was  never  more 
strongly  manifested  than  during  his  last  days. 

The  funeral  services  took  place  at  the  College  Chapel  on  the 
seventeenth  of  January. 

Professor  Silliman  was  married  in  May,  1840,  to  Miss  Susam 
H.  Forbes  of  New  Haven,  eldest  child  of  William  J.  and  Char- 
lotte Boot  Forbes.     Mrs.  Silliman  died  in  March,  1878.     Four* 
daughters  and  an  only  son  survive  them. 
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Abt.  XVI. — The  Organization  and  Plan  of  the  United  States 
Geological  Survey  ;  by  J.  W.  Powell.  With  a  map' (Plate 
1).  (Commanicated  to  the  National  Academy  of  Sciences  at 
the  October  meeting  in  1884.) 

A  SCIENTIFIC  institution  or  bureau  operating1[under  gov- 
eroment  authority  can  be  controlled  by  statute  and  by  superior 
administrative  authority  but  to  a  limited  extent  These  opera- 
tions are  practically  carried  on  by  specialists,  and  they  can  be 
eontrolled  only  in  their  financial  operations  and  in  the  general 
parposes  for  which  investigations  are  made.  Their  methods  of 
investigation  are  their  own, — originate  with  themselves,  and 
ire  carried  out  by  themselves.  But  in  relation  to  the  scientific 
>peratioDS  of  such  a  government  institution,  there  is  an  unofB- 
8ttl  authority  which,  though  not  immediately  felt,  ultimately 
Heps  in  to  approve  or  condemn,  viz:  the  body  of  scientific 
men  of  the  country ;  and  though  their  authority  is  not  exer- 
oiaed  antecedently  and  at  every  stage  of  the  work,  yet  it  is 
80  potent  that  no  national  scientific  institution  can  grow  and 
prosper  without  their  approval,  but  must  sooner  or  later  fall 
and  perish  unless  sustained  hy  their  strong  influence. 

As  director  of  the  Geological  Survey,  I  deeply  realize  that  I 
owe  allegiance  to  the  scientific  men  of  the  country,  and  for  this 
maon  I  desire  to  present  to  the  National  Academy  of  Sciences 
the  organization  and  plan  of  operations  of  the  Survey. 

A  TopoGBAPHic  Map  op  the  United  States. 

Sound  geologic  research  is  based  on  geography.  Without  a 
good  topographic  map  geology  cannot  even  be  thoroughly 
itodied,  and  tne  publication  of  the  results  of  geologic  investi- 
gation is  very  imperfect  without  a  good  map ;  but  with  a  ^ood 
map  thorough  investigation  and  simple,  intelligible  publication 
became  possibla  Impelled  by  these  considerations  the  Survey 
is  making  a  topographic  map  of  the  United  States.     The  geo- 

Sipbic  basis  of  this  map  is  a  trigonometric  survey  by  which 
lam  points  are  established  throughout  the  country  ;  that  is, 
base  lines  are  measured  and  a  triangulation  extended  therefrom. 
This  trigonometric  work  is  executed  on  a  scale  only  sufficiently 
refined  for  map-making  purposes,  and  will  not  be  directly 
useful  for  geoaetic  purposes  in  determining  the  figure  of  the 
earth.  The  hypsometric  work  is  based  upon  the  railroad  levels 
of  the  country.  Throughout  the  greater  part  of  the  country, 
there  is  a  system  of  railroad  lines,  constituting  a  net-work. 
The  levels  or  profiles  of  these  roads  have  been  established  with 
reasonable  accuracy,  and  as  they  cross  each  other  at  a  multipli- 
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s;v  .\i  poiuiSf  a  system  of  checks  is  afforded,  so  that  the  railroad 
N^^.riuH)  of  the  country  can  be  determined  therefrom  with  all 
,ao  aoourooy  necessary  for  the  most  refined  and  elaborate  topo* 
a;t-uphio  maps.  From  such  a  hypsometric  basis  the  relieft  for 
the  whole  country  are  determined,  by  running  lines  of  levels, 
by  trigonometric  construction,  and  in  mountainous  regions  by 
bari>metric  observation. 

The  primary  triangulation  having  been  made,  the  topography 
is  executed  by  a  variety  of  methods,  adapted  to  the  pecaliar 
conditions  found  in  various  portions  of  the  country.  To  a 
large  extent  the  plane-table  is  used.  In  the  hands  of  the  topo- 
graphers of  the  Geological  Survey  the  plane  table  is  not 
simply  a  portable  drafting  table  for  the  fiela ;  it  is  practically 
an  instrument  of  triangulation,  and  all  minor  positions  of  the 
details  of  topography  are  determined  through  its  use  by  trigo- 
nometric construction. 

The  scale  on  which  the  map  is  made  is  variable.    In  some  por- 
tions of  the  prairie  region,  and  in  the  region  of  the  great  plains, 
the  topography  and  the  geology  alike  are  simple,  and  maps  on 
a  comparatively  small  scale  are  sufficient  for  practical  purposes. 
For  these  districts  it  is  proposed  to  construct  the  sheets  of  the 
map  on  a  scale  of  1-250000,  or  about  four  miles  to  the  inch. 
In  the  mountain  regions  of  the  West  the  geology  is  more  oom- 
plex,  and  the  topography  more  intricate ;  out  to  a  lai^ge  extent 
these  regions  are  uninhabited,  and  to  a  more  limited  extent 
uninhabitable.     It  would  therefore  not  be  wise  to  make  a  topo- 
graphic or  geologic  survey  of  the  country  on  an   excessively 
elaborate  plan.     Over  much  of  this  area  the  sheets  of  the  nu^ 
will  also  be  constructed  on  a  scale  of  1-250000,  but  in  Bpecial 
districts  that  scale  will  be  increased  to  1-125000,  and  in  Ui» 
case  of  important  mining  districts  charts  will  be  constmcted. 
on  a  much  larger  scale.     In  the  eastern  portion  of  the  TTnitecL 
States  two  scales  are  adopted.     In  the  less  densely  popalateA 
country  a  scale  of  1-125000  is  used ;  in  the  more  aensely  pop- 
ulated regions  a  scale  of  1-62500  is  adopted,  or  about  one  miW 
to  the  inch.     But  throughout  the  country  a  few  special  districts 
of  great  importance,  because  of  complex   geologic  structare^ 
dense  population,  or  other  condition,  will  require  charts  ota 
still  larger  scales.     The  area  of  the  United  States,  exclusive  o^ 
Alaska,  is  about  three  million  square  miles,  and  a  map  of  th^ 
United  States,  constructed  on  the  plan  set  fourth  above,  will 
require  not  less  than  2600  sheets.     It  may  ultimately  prove  to 
require  more  than  that,  from  the  fact  that  the  areas  to  be  sur- 
veyed on  the  larger  scale  have  not  been   fully   determined- 
Besides  the  number  of  sheets  in  the  general  map  of  the  United 
^^aieS|  there  will  be  several   hundred  special  maps  on  lar^e 
%  as  above  described. 


of  ike  United  States  Oeclogiedl  Survey.  95 

Sach  is  a  brief  oatline  of  the  plan  so  far  as  it  has  been  devel- 
oped at  the  present  time.  In  this  connection  it  should  be 
ftoted  that  the  map  of  the  United  States  can  be  completed, 
with  the  present  organization  of  the  Geological  Sarvey,  in 
tboat  24  years;  but  it  is  greatly  to  be  desired  that  the  time 
for  its  completion  may  be  materially  diminished  by  increasing 
the  topographic  force  of  the  Geological  Survey.  We  ought  to 
have  a  gooa  topographic  map  of  the  United  States  by  the  year 
1900.  About  one-fifth  of  the  whole  area  of  the  United  States, 
ezelosive  of  Alaska,  has  been  completed  on  the  above  plan. 
This  includes  all  geographic  work  done  in  the  United  States 
Boder  the  auspices  of  the  General  Government  and  under 
the  auspices  of  State  governments.  The  map  herewith  shows 
those  areas  that  have  been  surveyed  by  various  organizations 
on  such  a  scale  and  in  such  a  manner  that  the  work  has 
been  accepted  as  sufficient  for  the  purposes  of  the  Survey. 

Much  other  work  has  been  done,  but  not  with  sufficient 
refinement  and  accuracy  to  be  of  present  value,  though  such 
work  subserved  its  purpose  in  its  time.  An  examination  of 
the  map  will  show  that  the  triangulation  of  the  various  organi- 
zatioiis  is  already  lai^ely  in  advance  of  the  topography.  The 
map  of  the  United  States  will  be  a  great  atlas  divided  into 
riieetB  as  above  indicated.  In  all  of  those  areas  where  the 
larvej  is  on  a  scale  of  1-260000,  a  page  of  the  atlas  will  pre- 
flsnt  an  area  of  one  degree  in  longitude  and  one  degree  in  lati- 
tnde.  Where  the  scale  is  1-125000,  a  page  of  the  atlas-sheet 
will  represent  one-fourth  of  a  degree.  Where  the  scale  is 
l-82500y  the  atlas-sheet  will  represent  one-sixteenth  of  a  degree. 
The  d^ree  sheet  will  be  designated  by  two  numbers — one  rep- 
nmting  latitude,  the  other  longitude.  Where  the  sheets 
npresent  fractional  decrees,  they  will  be  labeled  with  the  same 
aombers,  with  the  addition  of  the  description  of  the  proper 
fractional  part. 

The  organization,  as  at  present  established,  executing  this 
work,  is  as  follows :  First,  An  astronomic  and  computing  divis- 
icm,  the  officers  of  which  are  engaged  in  determining  the  geo- 
graphic coordinates  of  certain  primary  points.  Second,  A 
triangulation  corps  engaged  in  extending  a  system  of  triangu- 
ktion  over  various  portions  of  the  country  from  measured 
base-lines.  Third,  A  topographic  corps,  organized  into  twenty- 
seven  parties,  scattered  over  various  portions  of  the  United 
States.  Such,  in  brief  outline,  is  the  plan  for  the  map  of  the 
United  States,  and  the  organization  by  which  it  is  to  be  made. 
Mr.  Henry  Gannett  is  the  Chief  Geographer. 
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Paleontology. 

Before  giving  the  outline  of  the  plan  for  the  general  geologic 
survey,  it  will  be  better  to  explain  the  accessory  plans  and 
organizations.  There  are  in  the  Survey,  as  at  present  organizedi 
the  following  paleontologic  laboratories : 

1.  A  laboratory  of  vertebrate  paleontology  for  formations 
other  than  the  Quaternary.  In  connection  with  this  laboratory 
there  is  a  corps  of  paleontologists.  Professor  O.  C.  Marsh  u 
in  charge. 

2.  There  is  a  laboratory  of  invertebrate  paleontology  of 
Quaternary  age,  with  a  corps  of  paleontologists,  Mr.  Wm.  E. 
Dall,  being  in  charge. 

8.  There  is  a  laboratory  of  invertebrate  paleontology  of 
Cenozoic  and  Mesozoic  age,  with  a  corps  of  paleontologists. 
Dr.  C.  A.  White  is  in  charge. 

4.  There  is  a  laboratory  of  invertebrate  paleontology  of 
Paleozoic  age,  with  a  corps  of  paleontologists.  Mr.  C.  D. 
Walcott  is  in  charge. 

5.  There  is  a  laboratory  of  fossil  botany,  with  a  corps  of 
paleobotanists,  Mr.  Lester  F.  Ward  being  in  charge. 

The  paleontologists  and  paleobotanists  connected   with  the 
laboratories  above  described,  study  and  discuss  in  reports  the 
fossils  collected  by  the  general  geologists  in  the  field.     They    . 
also  supplement  the  work  of  the  field  geologists  by  making  : 
special  collections  in  important  districts  and  at  critical  bori*  \ 
zons;   but  the  paleontologists  are   not   held   responsible  for   ^ 
area!  and  structural  geology  on  the  one  hand,  and  the  geok)* 
gists  are  not  held  respon£ibIe  for  paleontology  on  the  other 
band.     In  addition  to  the  lar^e  number  of  paleontologists  on 
the  regular  work  of  the  Geological  Survey,  as  above  described, 
several  paleontologists  are  engaged  from  time  to  time  to  make 
special  studiea 

Chemistry. 

There  is  a  chemic  laboratory  attached  to  the  Survey,  with 
a  large  corps  of  chemists  engaged  in  a  great  variety  of  t^ 
searches  relating  to  the  constitution  of  waters,  minerals,  ores 
and  rocks.  A  part  of  the  work  of  this  corps  is  to  study  the 
methods  of  metamorphism  and  the  paragenesis  of  mineralSi 
and  in  this  connection  the  chemists  ao  work  in  the  field;  but 
to  a  large  extent  they  are  occupied  with  the  study  of  the  mate* 
terials  collected  by  the  field  geologists.  Professor  F.  W. 
Clarke  is  in  charge  of  this  department. 
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Physical  Rbsbabchsb. 

There  is  a  physical  laboratory  in  the  Survey,  with  a  small 
corps  of  men  engaged  in  certain  physical  researches  of  prime 
importance  to  geologic  philosophy.  These  researches  are  ex- 
perimental, and  relate  to  the  eflfect  of  temperatures,  pressures, 
etc.,  on  rocks.  This  laboratory  is  under  the  charge  of  the 
Chief  Chemist 

LiTHOLOOY. 

There  is  a  lithologic  laboratory  in  the  Survey,  with  a  large 
corps  of  lithologists  engaged  in  the  microscopic  study  of  rocks. 
These  lithologists  are  field  geologists,  who  examine  the  collec- 
tioDS  made  by  themselves. 

Statistics. 

There  is  in  the  Survey  a  division  of  mining  statistics,  with  a 
large  corps  of  men  engaged  in  statistic  work,  the  results  of 
which  are  published  in  an  annual  report  entitled  "  Mineral 
Besources."  Mr.  Albert  Williams,  Jr.,  is  the  Chief  Statistician 
of  the  Survey. 

Illustrations. 

There  is  in  the  Survey  a  division  organized  for  the  purpose 
of  preparing  illustrations  for  paleontologic  and  geologic  reports. 
Mr.  W.  H.  Holmes  is  in  charge  of  this  division.  Illustrations 
will  not  hereafter  be  used  forembellishment,  but  will  be  strictly 
confined  to  the  illustration  of  the  text  and  the  presentation  of 
sach  facta  as  can  be  best  exhibited  by  figures  and  diagrams. 
All  illustrations  will,  as  far  as  possible,  be  produced  by  relief 
methods,  such  as  wood-engraving,  photo-engraving,  etc.  As 
Iwge  numbers  of  the  reports  of  the  Survey  are  published,  this 
plan  is  demanded  for  economic  reasons ;  but  there  is  another 
consideration  believed  to  be  of  still  greater  importance:  illus- 
trations made  on  stone  cannot  be  used  after  the  first  edition,  as 
they  deteriorate  somewhat  by  time,  and  it  is  customary  to  use 
the  same  lithographic  stone  for  various  purposes  from  time  to 
time.  The  illustrations  made  for  the  reports  of  the  Survey,  if 
on  relief-plates  that  can  be  cheaply  electrotyped,  can  be  used 
again  when  needed.  This  is  especially  desirable  in  paleon- 
tology, where  previously  published  figures  can  be  introduced 
for  comparative  purposes.  There  are  two  methods  of  studying 
the  extinct  life  of  the  globe.  Fossils  are  indices  of  geological 
formations,  and  must  be  grouped  by  formations  to  subserve 
the  purpose  of  geologists.  Fossils  also  have  their  biologic 
relaiions,  and  should  be  studied  and  arranged  in  biologic 
groups.     Under  the  plan  adopted  by  the  Survey,  the  illustra- 


98  J.  W.  Powell — OrffomztUion  wnd  Phm 

tions  can  be  used  over  and  over  again  for  such  purposes  when 
needed,  as  reproduction  can  be  made  at  the  small  cost  of 
elrctrotyping.  These  same  illustrations  can  be  used  by  the 
public  at  large  in  scientific  periodicals,  text-books,  eta  All 
the  illustrations  made  by  the  Geological  Survey  are  held  for 
the  public  to  be  used  in  this  manner. 

LiBRABY. 

The  library  of  the  Survey  now  contains  more  than  25,000 
volumes,  and  is  rapidly  growing  by  means  of  exchanges.  It 
is  found  necessary  to  purchase  but  few  books.  The  librarian, 
Mr.  (1  C.  Darwin,  has  a  corps  of  assistants  engaged  in  biblio- 
graphic work.  It  is  proposed  to  prepare  a  catalogue  of  Ameri- 
can and  foreign  publications  upon  American  geology,  which  is 
to  be  a  general  authors'  catalogue.  In  addition  to  this,  it  is 
proposed  to  publish  bibliograpnies  proper  of  special  subjects 
constituting  integral  parts  of  the  science  of  geology. 

Publications. 

The  publications  of  the  Survey  are  in  three  series:  Annual 
Reports,  Bulletins  and  Monographs.     The  Annual  Beport  con- 
stitutes a  part  of  the  Report  of  the  Secretary  of  the  Interior  for 
each  year,  but  is  a  distinct  volume.    This  contains  a  brief 
summary  of  the  purposes,  plans  and  operations  of  the  Sarvey, 
prepared  by  the  Director,  and  short  administrative  reports  from 
the  chiefs  of  divisions,  the  whole  followed  by  scientific  papers. 
These  papers  are  selected  as  being  those  of  most  general  interest, 
the  object  being  to  make  the  Annual  Report  a  somewhat  popalar 
account  of  the  doings  of  the  Survey,  that  it  may  be  widely  read 
by  the  intelligent  people  of  the  country.     Of  this  5650  copies 
are  published  as  a  part  of  the  Secretary's  report,  and  are  dis- 
tributed by  the  Secretary  of  the  Interior,  Senators  and  Members 
of  the  House  of  Representatives:  and  an  extra  edition  is  anna- 
ally  ordered  of  15,000  copies,  distributed  by  the  Survey  and 
members  of  the  Senate  and  House  of  Representatives.     Four 
Annual  Reports  have  been  published;  the  Fifth  is  now  in  tho 
hands  of  the  printer. 

The  Bulletins  of  the  Survey  are  short  papers;  and  throo^lm 
them  somewhat  speedy  publication  is  attained.  Each  BalleUD 
is  devoted  to  some  specific  topic,  in  order  that  the  material  nlti* 
timately  published  m  the  Bulletins  can  be  classified  in  any 
manner  desired  by  scientific  men.  Nine  Bulletins  have  been 
published,  and  seven  are  in  press.  The  Bulletins  already  pub- 
lished vary  in  size  from  5  to  325  pages  each ;  they  are  sold  n% 
the  cost  of  press-work  and  paper,  and  vary  in  price  from  five 
to  twenty  cents  each.    4900  copies  of  each  Bulletin  are  pab« 
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liih«l;  1900  are  distributed  by  Congress,  3000  are  held  for 
ale  and  exchange  by  the  Oeological  Survey. 

The  Monographs  of  the  Survey  are  quarto  volumes.  By 
duB  method  of  publication  the  more  important  and  elaborate 
pipers  are  given  to  the  publia  Six  Monographs,  with  two 
aliases,  have  been  issued ;  five  Monographs,  with  two  atlases, 
lie  in  pres&  1900  copies  of  each  Monograph  are  distributed  by 
OoDgroBB;  3000  are  held  for  sale  and  exchange  by  the  Survey 
IT  the  cost  of  press-work,  paper  and  binding.  They  vary  in 
price  frooi  $1.05  to  $11. 

The  chie&  of  divisions  supervise  the  publications  that  origin- 
lie  in  their  several  corp&  The  general  editorial  supervision  is 
ocercised  by  the  Chief  Clerk  of  the  Survey,  Mr.  James  C. 
Pilling. 

Gbnxbal  Geology. 

In  organizing  the  general  geologic  work,  it  became  neces- 
■jy,  first,  to  consider  what  had  already  been  done  in  various 
portions  of  the  United  States;  and  for  this  purpose  the  com- 
jnlation  of  a  general  geologic  map  of  the  United  States  was 
Degan,  together  with  a  Thesaurus  of  American  formations. 
In  addition  to  this  the  bibliographic  work  previously  described 
was  initiated,  so  that  the  literature  relating  to  American  geol- 
ogy should  be  readily  accessible  to  the  workers  in  the  Survey. 
At  this  point  it  became  necessary  to  consider  the  best  methods 
oi  apportioning  the  work ;  that  is,  the  best  methods  of  dividing 
the  geologic  work  into  parts  to  be  assigned  to  the  different 
eorps  of  observers.     A  strictly  geographic  apportionment  was 
not  deemed  wise«  from  the  fact  that  an  unscientific  division  of 
libor  would  result,  and  the  same  classes  of  problems  would  to 
a  large  extent  be  relegated  to  the  several  corps  operating  in 
field  and  in  the  laboratory.     It  was  thought  best  to  divide  the 
workf  as  far  as  possible,  by  subject-matter  rather  than  by  terri- 
torial areas;   yet  to  some  extent  the  two  methods  of  division 
will  coincide.     There  are  in  the  survey  at  present: 

First,  a  division  of  glacial  geology,  and  Prof.  T.  C.  Cham- 
berlin,  formerly  State  Geologist  of  Wisconsin,  is  at  its  head, 
with  a  strong  corps  of  assistants.  '  There  is  an  important  field 
for  which  definite  provision  has  not  yet  been  made,  namely, 
the  study  of  the  loess  that  constitutes  the  bluff  formations  of 
the  Mississippi  Biver  and  its  tributaries.  But  as  this  loess 
proves  to  be  intimately  associated  with  the  glacial  formations 
of  the  samere^on,  it  is  probable  that  it  will  eventually  be  rele- 
pied  to  the  glacial  division.  Perhaps  the  division  may  event- 
ually grow  to  such  an  extent  that  its  field  of  operations  will 
inclade  the  whole  Quaternary  geology. 
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Second,  a  division  of  volcanic  geology  is  organized  and  Capt 
Clarence  E.  Button,  of  the  Ordnance  Corps  of  the  Army,ii 
placed  in  charge,  also  with  a  strong  corps  oi  assistants. 

Third  and  fourth,  two  divisions  have  been  organized  to 
prosecute  work  on  the  Archaean  rocks,  embracing  within  theur 
field  not  only  all  rocks  of  Archasan  age,  but  all  metamorphie 
crystalline  schists,  of  whatever  age  they  may  be  found.  The 
first  division  has  for  its  chief.  Prof.  Raphael  rumpelly,  assisted 
by  a  corps  of  geologists,  and  the  field  of  his  work  is  the  crystal- 
line  schists  of  the  Appalachian  region,  or  eastern  portico  of 
the  United  States,  extending  from  northern  New  England  to 
Georgia.  He  will  also  include  in  his  studies  certain  Paleozoie 
formations  which  are  immediately  connected  with  the  crystal- 
line schists  and  involved  in  their  orographic  structure. 

The  second  division  for  the  study  of  this  class  of  rocks  is  in 
charge  of  Prof.  Boland  D.  Irving,  with  a  corps  of  geologisti; 
and  his  field  of  operation  is  in  the  Lake  Superior  region.  It  is 
not  proposed  at  present  to  undertake  the  study  of  the  crystal- 
line schists  of  the  Rocky  Mountain  region. 

Fifth,  another  division  has  been  organized  for  the  study  of 
the  areal,  structural,  and  historical  geology  of  the  Appalach- 
ian region,  extending  from  the  Atlantic,  westward,  to  the  zone 
which  separates  the  mountain  region  from  the  great  valley  of  \ 
the  Mississippi.  Mr.  G.  K.  Gilbert  has  charge  of  this  work, 
and  has  a  large  corps  of  assistants.  ;; 

Sixth,  it  seemed  desirable,  partly  for  scientific  reasons  aii4  | 
partly  for  administrative  reasons,  that  a  thorough  topographio  I 
and   geologic  survey  should    be   made  of    the   YellowstoW'.  ' 
Park,  and  Mr.  Arnold  Hague  is  in  charge  of  the  work,  with  a 
corps  of  assistanta     When  it  is  completed,  his  field  will  be 
expanded  so  as  to  include  a  large  part  of  the  Rocky  Mountain 
region,  but  the  extent  of  the  field  is  not  yet  determined. 

It  will  thus  be  seen  that  the  general  geologic  work  relatiag 
to  those  areas  where  the  terranes  are  composea  of  fosailifercma 
formations  is  very  imperfectlv  and  incompletely  organised. 
The  reason  for  this  is  two  fold :  first,  the  work  cannot  be  pe^ 
formed  very  successfully  until  the  maps  are  made;  second,  the 
Geological  Survey  is  necessarily  diverting  much  of  its  force  to 
the  construction  of  maps,  and  cannot  with  present  appropria* 
tions  expand  the  geologic  corps  so  as  to  extend  systematic 
work  in  the  field  over  the  entire  country. 

Economic  Geology. 

Under  the  organic  law  of  the  Geological  Survey,  inveetiga^ 
tions  in  economic  geology  are  lestricted  to  those  States  and 
Territories  in  which  there  are  public  lands;  the  extension  of 
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the  work  into  the  eastern  portion  of  the  United  States  included 
only  that  part  relating  to  general  geology.  Two  mining 
divisions  are  organized.  One,  in  charge  of  Mr.  George  F. 
Becker,  with  headquarters  at  San  Francisco,  California,  is  at 
the  present  time  engaged  in  the  study  of  the  quicksilver  dis- 
tricts of  California.  The  other,  under  charge  of  Mr.  S.  F. 
Emmons,  with  headquarters  at  Denver,  Colorado,  is  engaged  in 
BtodyiDg  various  mining  districts  in  that  State,  including  silver, 
goldj  iron  and  coal  areas.  Each  division  has  a  corps  of  assist- 
ants. The  lignite  coals  of  the  upper  Missouri,  also,  are  under 
inyestigfttion  oy  Mr.  Bailey  Willis,  with  a  corps  of  assistants. 

EMPLOTiiS. 

The  employes  on  the  Geological  Survey  at  the  close  of  Sep- 
tember, 1884,  were  as  follows : 

Appointed  by  the  President,  by  and  with  the  advice  and 
consent  of  the  Senate  (Director),  1. 

Appointed  by  the  Secretary  of  the  Interior,  on  the  recom- 
mendation of  the  Director  of  the  Survey,  134. 

Employed  by  the  chiefs  of  parties  in  the  field,  148. 

Appointments. 

Three  classes  of  appointments  are  made  on  the  Survey.  The 
statute  provides  that  "  the  scientific  employ^  of  the  Geological 
Survey  shall  be  selected  by  the  Director,  subject  to  the  appro- 
val of  the  Secretary  of  the  Interior,  exclusively  for  their  quali- 
fications as  professional  experts."  The  provisions  of  this 
statute  apply  to  all  those  cases  where  scientific  men  are 
employed  who  have  established  a  reputation,  and  in  asking  for 
their  appointment  the  Director  specifically  states  his  reasons, 
setting  forth  the  work  in  which  the  person  is  to  be  employed, 
together  with  his  qualifications,  especially  enumerating  and 
characterizing  his  published  works.  On  such  recommenda- 
tions appointments  are  invariably  made.  Young  men  who 
have  not  established  a  reputation  in  scientific  research,  are 
selected  through  the  agency  of  the  Civil  Service  Commission 
on  special  examination,  the  papers  for  which  are  prepared  in 
the  Geological  Survey.  About  one-half  of  the  emplo^^ds,  how- 
ever, are  temporary,  being  engaged  for  services  lasting  for  a  few 
tiays  or  a  few  months  only,  largely  in  the  field,  and  coming 
onder  two  classes :  skilled  laborers  and  common  laborers.  Such 
pereoTis  are  employed  by  the  Director  or  by  the  heads  of 
divisions,  and  are  discharged  from  the  service  when  no  longer 
needed.  It  will  be  seen  that  the  Director  is  responsible  for  the 
selection  of  the  employes,  directly  for  those  whom  he  recom- 
mends for  appointment,  and  indirectly  for  those  selected  by  the 
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Civil  Service  Commission,  as  he  permanently  retains  in  t 
work.  If,  then,  improper  persons  are  employed,  it  is  who! 
the  Director's  fault 

The  appropriations  made  for  the  Geological  Survey  for  t 
fiscal  year  ending  June  30,  1885,  aggregate  the  sum  of  ^04,0^ 
This  sum  does  not  include  the  amount  appropriated  for  el 
nologic  researches,  $40,000.  Nor  are  the  expenses  for  engn 
ing  and  printing  paid  for  from  the  above  appropriations,  I 
from  appropriations  made  for  the  work  under  the  direction 
the  Public  Printer.  It  is  estimated  that  the  amount  need 
for  engraving  and  printing  for  the  same  fiscal  year  will  ezce 
$200,000. 

The  Relation  of  the  Goyebnmekt  Subyet  to  State  Subvs 

The  United  Slates  Geological  Survey  is  on  friendly  relatic 
with  the  various  State  Surveys.  Between  the  Gx>vernm< 
Survey  and  the  State  Survey  of  New  York,  there  is  dir« 
cooperation.  The  State  Survey  of  Pennsylvania  has  rendei 
valuable  assistance  to  the  Government  Survey,  and  n^otiatic 
have  been  entered  into  for  closer  relations  and  more  thoron 
cooperation.  The  State  Surveys  of  North  Carolina,  Kentoc 
and  Alabama,  are  also  cooperating  with  the  Government  Snrwi 
and  the  Director  of  the  Government  Survey  is  doing  all  will 
his  power  to  revive  State  Surveya  The  field  for  geoIo| 
research  in  the  United  States  is  of  great  magnitude,  and  t 
best  results  can  be  accomplished  only  by  the  labors  of  ma 
scientific  men  engaged  for  a  long  term  of  years.  For  this  reae 
it  is  believed  that  surveys  should  be  established  in  all  of  i 
States  and  Territories.  There  is  work  enough  for  all,  and  t 
establishment  of  local  surveys  would  greatly  assist  the  gene 
work  prosecuted  under  the  auspices  of  the  Government,  a 
prevent  it  from  falling  into  perfunctory  channels.  Its  vij 
and  health  will  doubtless  be  promoted  by  all  thorough  lo 
research. 

It  may  be  of  interest  to  scientific  men  to  know  that  1 
Director  finds  that  in  presenting  the  general  results,  interoi 
and  needs  of  the  Survey  to  Congress,  and  to  CommittesB 
Congress,  a  thorough  appreciation  of  the  value  of  scient 
research  is  shown  by  the  statesmen  of  the  country.  Qaestic 
relating  to  immediately  economic  values  are  asked,  as  tfc 
should  be;  but  questions  relating  to  sound  administration,  w 
methods  of  investigation,  and  important  scientific  results  ] 
vigorously  urged,  and  the  principle  is  recognized  that  all  8O0 
scientific  research  conduces  to  the  welfare  of  the  people,  i 
only  by  increasing  knowledge,  but  ultimately  by  afiecting  all  t 
industries  of  the  people. 
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Art.  XVIL — Memorial  of  Oeorge  Bentham ;  by  Asa  Gray. 

[From  the  Report  of  the  Council  of  the  American  Academy  of  Arts  and  Sdencts, 

for  the  year  1884-5.) 

George  Bentham,  one  of  the  most  distinguished  botanists 
of  the  present  century,  and  at  the  time  of  his  death  one  of  the 
oldest,  was  born  at  Stoke,  a  suburb  of  Portsmouth,  September 
22, 1800.  He  died  at  his  house.  No.  25  Wilton  Place,  London, 
on  the  10th  of  September,  1884,  a  few  days  short  of  84  years 
old.  His  paternal  grandfather,  Jeremiali  Bentham,  a  London 
attorney  or  solicitor,  had  two  sons,  who  both  became  men  of 
mark,  Jeremy  and  Samuel.  The  latter  and  younger  had  two 
sons,  only  one  of  whom,  the  subject  of  this  memoir,  lived 
to  manhood.  George  Bentham's  mother  was  a  daughter  of  Dr. 
George  Fordyce,  a  Scottish  physician  who  settled  in  London, 
was  a  Fellow  of  the  Royal  Society,  a  lecturer  on  chemistry, 
and  the  author  of  some  able  medical  works,  also  of  a  treatise  upon 
Agricalture  and  Vegetation.  It  was  from  his  mother  that 
George  Bentham  early  imbibed  a  fondness  for  botany. 

The  early  part  of  his  life  and  education  was  somewhat 
evcDtful  and  peculiar,  and  in  strong  contrast  with  the  later. 
His  father,  General,  subsequently  Sir  Samuel  Bentham,  was 
as  adept  in  naval  architecture.  At  the  age  of  twenty-two  he 
visited  the  arsenals  of  the  Baltic  for  the  improvement  of  his 
knowledge ;  thence  he  traveled  far  into  Siberia.  He  became 
intimate  with  Prince  Polemkin,  by  whom  he  was  induced  to 
enter  the  civil  and  afterwards  the  military  service  of  the 
Bmpress  Catharine.  He  took  part  in  a  naval  action  against  the 
Turks  on  the  Black  Sea,  and  was  rewarded  with  the  command 
ofa  regiment  stationed  in  Siberia,  with  which  he  traversed  the 
country  even  to  the  frontiers  of  China.  After  ten  years  he 
returned  to  England,  where  his  inventive  skill  and  experience 
found  a  fitting  field  in  the  service  of  the  Admiralty,  in  which 
te  attained  the  post  of  Inspector-General  of  Naval  Works. 
Among  the  services  he  rendered  was  that  of  bringing  to  Eng- 
land the  distinguished  engineer,  Isambard  Mark  Brunei.  In 
the  year  1806,  Gen.  Bentham  was  sent  by  the  Admiralty 
to  St.  Petersburg  to  superintend  the  building  in  Russia  of 
vessels  for  the  British  Navy.  He  took  his  family  with  him; 
and  there  began  the  education  of  George  Bentham,  in  the  fifth 
year  of  his  age,  under  the  charge  of  a  Russian  lady  who  could 
speak  no  English,  where  he  learned  to  converse  fluently  in 
Russian,  French,  and  German,  besides  acquirinij;  the  rudiments 
of  Latin  as  taught  by  a  Russian  priest.  On  the  way  back  to 
England  two  or  three  years  later,  the  detention  of  a  month  or 
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two  in  Sweden  gave  opportunity  for  learning  enough  of  Swed 
ish  to  converse  in  that  language  and  to  read  it  with  tolerabl 
ease  in  after  life.  Returning  to  England  the  family  settled  a 
Hampstead,  and  the  children  pursued  their  studies  under  pri 
vate  tutors.  In  the  years  1812-13,  during  the  excitement  pro 
duced  by  the  French  invasion  of  Russia  and  the  burning  o 
Moscow,  our  young  polyglot  *^  budded  into  an  author,  by  trans 
lating  (along  with  his  brother  and  sister)  and  contributing  toi 
London  magazine  a  series  of  articles  from  the  Russian  newi 
papers,  detailing  the  operations  of  the  armies."  In  1814,  upoi 
the  downfall  of  Napoleon,  the  Bentham  family  crossed  over  t 
Prance,  prepared  for  a  long  stay,  remained  in  the  country  (a 
Tours,  Saumur,  and  Paris)  during  the  hundred  days  precec 
ing  Napoleon's  final  overthrow  ;  and  in  1816  Sir  Samuel  Ber 
tham  set  out  upon  a  prolonged  and  singular  family  tour, « 
caravane^  through  the  western  and  southern  departments  ( 
France.  To  quote  from  the  published  account  from  whic 
most  of  these  biographical  details  are  drawn,  and  which  wei 
taken  from  Mr.  Bentham 's  own  memoranda:* 

"The  cortige  consisted  of  a  twohorse  coach  fitted  upas 
sleeping  apartment;  a  long,  low,  two- wheeled,  one-horse  sprin 
van  for  Gen.  and  Mrs.  Bentham,  furnished  with  a  librarv  an 
piano;  and  another,  also  furnished,  for  his  daughters  and  the 
governess.  The  plan  followed  was  to  travel  by  day  from  on 
place  of  interest  to  another,  bivouacking  at  night  by  the  roa<[ 
or  in  the  garden  of  a  friend,  or  in  the  precincts  of  ihe  prefec 
ures,  to  wnich  latter  he  had  credentials  from  the  authorities  i 
the  capital.  In  this  way  he  visited  Orleans,  Tours,  Ansoi 
16me,  Bordeaux,  Toulouse,  Montpellier,  and  finally  Montaubai 
where  a  lengthened  stay  was  maae  in  a  country  house  hired  f< 
the  purpose.  From  Montauban  (the  cortige  having  broke 
down  in  some  way)  they  proceeded  still  by  private  conve] 
nnccs  to  Carcassone,  Narbonnes,  Ntmes,  Tarascon,  Marseille 
Toulon,  Hyeres." 

It  was  in  the  early  part  of  this  tour  that  young  Bentham 
attention  was  first  turned  to  botany.  Happening  to  take  u 
DeCandolle's  edition  of  Lamarck's  Fhre  Franqaise^  which  h 
mother,  who  was  fond  of  the  subject,  had  just  purchased,  I 
wan  struck  with  the  methodical  analytical  tables,  and  he  pn 
ceeded  immediately  to  apply  them  to  the  first  plant  he  cool 
lay  hold  of.  ^^  His  success  led  him  to  pursue  the  diversic 
o/  naming  every  plant  he  met  with."  During  his  long  stay  i 
Montauban  he  entered  as  a  student  in  the  Protestant  theolo( 
ical  school  of  that  town,  pursuing,  *^  with  ardor  the  courses  < 
mfttbematics,  Hebrew,  and  comparative  philology,  the  latter 

f)  study  in  after  life,"  and  at  home  giving  himself  1 
article  in  Nature,  October  2,  1884,  by  Sir  Joseph  Dawaon  Hookar. 
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BQsic,  in  which  he  was  remarkably  gifted,  to  Spanish,  to 
botaoy,  and,  with  great  relish,  to  society.  Soon  after,  the  family 
was  established  apon  a  property  of  2,000  acres,  purchased  by 
Ub  father  in  the  vicinity  of  Montpellier.  Here  he  resumed 
Ike  intimacy  of  his  boyhood  with  John  Stuart  Mill,  who  was 
Sre  years  his  junior,  and  whose  life-long  taste  for  botany  was 
Nobably  fixed  during  this  residence  of  seven  or  eight  months 
B  the  Bentham  family  in  the  year  1820.  About  this  time  Ben- 
lam  oocupied  himself  with  ofnithology  and  then  with  entomol- 
jy,  finding  time,  however,  for  another  line  of  study;  for  at 
le  age  of  twentv  he  had  begun  a  translation  into  French  of 
is  oncle  Jeremy  s  Chrestomathia,  which  was  published  in  Paris 
>aie  years  afterwards,  and  he  soon  after  translated  also  the 
»ay  on  Nomenclature  and  Classification.  This  was  followed 
y  bis  own  Essai  sur  la  Nomenclature  el  Classification,  published 
1  Paris.  This,  his  original  scientific  production,  was  one  of 
ome  mark,  for  it  is  praised  by  Stanley -Jevons  in  his  recent 
listory  of  the  Sciences. 

On  attaining  his  majority,  his  elder  and  only  brother  having 
lied,  he  was  placed  in  management  of  his  father's  Proven9aI 
mate,  an  employment  which  he  took  up  with  alacrity  and 
prosecuted  with  success,  turning  to  practical  account  his  me- 
Ihodical  habits,  his  indomitable  industry,  and  his  familiarity 
with  Provengal  country  life  and  language.  The  latter  he 
spoke  like  a  native.  A  language  always  seemed  to  come 
to  him  without  efibrt  Meanwhile  his  leisure  hours  were 
given  to  philosophical  studies,  his  holidays  to  botanical  excur- 
sions into  the  Cevennes  and  the  Pyrenees.  In  the  year  1823, 
i  visit  to  England  upon  business  relating  to  his  father's  French 
estate,  where  it  seemed  probable  that  he  was  to  spend  his  life, 
WIS  followed  by  circumstances  which  gave  him  back  to  his 
native  country.  He  brought  to  his  uncle  Jeremy  a  French 
tnnslation  of  the  latter's  Chrestomathia ;  he  made  the  acquaint- 
ance of  Sir  James  Edward  Smith,  Robert  Brown,  Lambert, 
Don,  and  the  other  English  botanists  of  the  day ;  visited  Sir 
William,  then  Professor  Hooker,  at  Glasgow,  and  Walker  Arnott 
Ib  Edinburgh ;  took  the  latter  with  him  the  next  summer  to 
FrtDce,  where  the  two  botanists  herborized  together  in  Langue- 
doc  and  the  Pyrenees;  and,  returning  to  London,  he  accepted 
his  ancle's  pressing  invitation  to  remain  and  devote  a  portion  of 
his  time  to  the  preparation  of  the  latter's  manuscripts  for  the 
preaa,  at  the  same  time  pursuing  legal  studies  at  Lincoln's 
inn.  He  was  in  due  time  called  to  the  bar,  and  in  1832  he 
held  his  first  and  last  briet  In  that  year  Jeremy  Bentham 
died,  bequeathing  most  of  his  property  to  his  nephew.  This 
was  mach  less  than  was  expected,  owing  to  bad  management 
on  his  uncle's  part  and  to  the  extravagant  sums  spent  by  his 
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^iSki^CttKNTB  in  the  publication  of  the  philosopher's  posthoi 
«vrk9«  But  it  sufficed,  in  connection  with  the  paternal  in( 
^tK"^  which  fell  to  him  the  year  previous,  for  the  modest  i 
{.i^odence  which  allowed  of  undistracted  devotion  to  his  fav 
»ludies.     These  were  for  a  time  divided  between  botany,  j 

i prudence,  and  logic,  not  to  speak  of  editorial  work  upo 
ather's  papers  relating  to  the  management  of  the  navy  an( 
administration  of  the  national  dock  yards. 

The  first  publication  was  botanical,  and  was  publishe 
Paris,  in   the  year  1826,  his  Catalogue  dee  Planies  Indi 
de$  Pyrfnies  ei  du   Bas   Languedoc.     To  this  is  prefire< 
interesting  narrative  of  a  botanical  tour  in  the  Pyrenees, 
some  remarks  upon  the  mode  of  preparing  such  catalogue 
order  to  their  greatest  utility, — remarks  which  already  evino 
wisdom  for  which  he  was  aistinguished  in  after  years.    He 
reformed  and  re-elaborated  four  difficult  genera  of  the  dis 
Gerastium,  Orobanche,  Helianthemum,  and  Medicago. 
next,  perhaps,  was  an  article  upon   codification — wholly 
agreeing  with   his    uncle — which   attracted    the  attentio 
Brougham,  Hume  and  O'Connell;   also  one   upon   the 
affecting  larceny,  which  Sir  Eobert  Peel  complimented 
made  use  of,  and  another  on  the  law  of  real  property. 

But  his  most  considerable  work  of  the  period  received  i 
attention  at  the  time  from  those  most  interested  in  the  sul 
and  passed  from  its  birth  into  oblivion,  from  which  onl 
these  later  years  has  it  been  rescued,  yet  without  word  or 
from  its  author.  This  work  (of  287  octavo  pages)  was 
lished  in  London  in  1827,  under  the  title  of  ^'Outline  of  a  . 
System  of  Logic,  with  a  critical  examination  of  Dr.  Whw 
Elements  of  Logic^  It  was  in  this  book  that  the  quanti 
tion  of  the  predicate  was  first  systematically  appliea,  in  i 
wise  that  Stanley -Jevons*  declares  it  to  be' "  undoubtedlj 
most  fruitful  discovery  made  in  abstract  logical  science  £ 
the  time  of  Aristotle."  Before  sixty  copies  of  the  book 
been  sold,  the  publisher  became  bankrupt,  and  the  w 
impression  of  this  work  of^  a  young  and  unknown  author 
sold  for  waste  paper.  One  of  the  extant  copies,  however,  c 
into  the  hands  of  the  distinguished  philosopher,  Sir  WU 
Hamilton,  to  whom  the  discovery  of  the  quantification  of 
predicate  was  credited,  and  who,  in  claiming  it,  brought 
acrimonious  charge  of  plagiarism"  against  Professor  De  Mo 
upon  this  very  subject  Yet  this  very  book  of  Mr.  Bent 
is  one  of  the  ten  placed  by  title  at  the  head  of  Sir  Whl  E 
ilton's  article  on  logic  in  the  Edinburgh  Review  for  April,  188 
once  or  twice  referred  to  in  the  article,  and,  a  dozen  years  1 
in  the  course  of  the  controversy  with  De  Morgan,  Sir  Wil 

♦  In  Oontemporary  RoTiew,  xxi,  1873,  p.  823. 
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luded  to  this  article  as  containing  the  ^erms  of  his  discovery. 
Te  may  imagine  the  aridity  with  which  De  Morgan,  injuri- 
laly  attacked,  woald  have  seized  upon  Mr.  Bentham's  book  if 
>  liad  known  of  it.  It  is  not  so  easy  to  understand  how  Mr. 
ooiham^aithough  now  absorbed  in  botanical  researches — 
wild  have  overlooked  this  controversy  in  the  Athenaeum,  or 
m,  if  he  knew  of  it,  he  could  have  kept  silenca     It  was  only 

the  close  of  the  year  1850,  that  Mr.  Warlow  sent  from  the 
last  of  Wales  a  letter  to  the  Athenaeum,  in  which  he  refers  to 
Bntham's  book  as  one  which  had  long  before  anticipated  this 
teresting  discovery.  Although  Hamilton  himself  never 
lered  explanation  of  his  now  unpleasant  position  (for  the 
»te  obliquely  referring  to  the  matter  in  the  second  edition  of 
B  Discussions  is  not  an  explanation),  Mr.  Baine  did  (in  the 
then»um  for  Feb.  1,  1851)  immediately  endeavor  to  discredit 
e  importance  of  ^Bentham's  work,  and  again  in  1878  (Con- 
mporary  Be  view,  xxi),  in  reply  to  Herbert  Spencer's  recla- 
ation  of  Bentham*s  discovery.  To  this  Stanley-Jevons  made 
ply  in  the  same  volume  (pp.  ^21-824)  ;  and  later,  in  his  Prin- 
ples  of  Science  (ii.  387),  this  competent  and  impartial  judge, 
1  speaking  of  the  connection  of  Bentham's  work  ^^with  the 
reat discovery  of  the  quantification  of  the  predicate,^'  adds: 

"I  must  continue  to  hold  that  the  principle  of  quantification 

explicitly  stated  by  Mr.  Bentham ;  and  it  must  be  regarded 
\  a  remarkable  fact  in  the  history  of  logic,  that  Hamilton, 
bile  vindicating  in  1847,  bis  own  claims  to  originality  and 
riority  as  against  the  scheme  of  De  Morgan,  should  have 
rerlooked  the  much  earlier  and  more  closely  related  discov- 
riesof  Bentham. '' 

It  must  be  that  Hamilton  reviewed  Bentham's  book  without 
aiding  it  through,  or  thai  its  ideas  did  not  at  the  time  leave 
Qy  conscious  impression  upon  the  reviewer^s  mind,  yet  may 
ave  fructified  afterwards. 

Afier  his  uncle's  death  in  1822,  Mr.  Bentham  gave  his  undi- 
ided  attention  to  Botany.  He  became  a  Fellow  of  the  Lin- 
ean  society  in  1828.  Sober t  Brown  soon  afler  presented  his 
une  to  the  Royal  Society,  but  withdrew  it  before  the  election, 
I  mark  the  dissatisfaction  on  the  part  of  scientific  men 
ith  the  management  of  the  society  when  a  Royal  Duke  was 
lade  president.  Consequently  he  did  not  become  F.  R.  S. 
Dtil  1862.  In  1829,  when  the  Royal  Horticultural  Society 
as  much  embarrassed,  he  accepted  the  position  of  Honorary 
ecretary,  with  his  friend  Lindley  as  associate.  Under  their 
lanagement  it  was  soon  extricated  from  its  perilous  condition, 
ttained  its  highest  prosperity  and  renown,  and  did  its  best 
rork  for  horticulture  and  botany.  In  1833  he  married  the 
aagbter  of   Sir  Harford  Brydges,  for    many   years  British 
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Ambassador  in  Persia,  and  the  next  year  he  took  up  hii 
dence  in  the  house  in  Queen  Square  Place,  Westminster,  i 
ited  from  bis  uncle,  in  which  Jeremy  Bentham  and  bis 

Eaternal  grandfather  had  dwelt  for  almost  a  century, 
ouse  no  longer  exists,  but  upon  its  site  stands  the  western 
of  the  **  Queen  Anne  Mansions."  The  summer  of  1836 
passed  in  Germany,  at  points  of  botanical  interest 
wherever  the  principal  herbaria  are  preserved,  the  \ 
winter  in  Vienna.  Some  account  of  this  tour  and  interc 
memoranda  of  the  botanists,  gardens,  and  herbaria  vi 
communicated  in  familiar  letters  to  Sir  William  Hooker, 
printed  at  the  time  (without  the  author's  name)  in  the  8< 
volume  of  the  Companion  to  the  Botanical  Magazine.  Si 
visits  for  botanical  investigation,  mingled  with  recreation, 
made  almost  every  summer  to  various  parts  of  the  conti 
in  one  of  them  he  revisited  the  scenes  of  his  early  boyho 
Russia,  traveled  with  Mrs.  Bentham  to  the  fair  at  Nisi 
Novgorod,  and  thence  to  Odessa,  by  the  rude  litter-like  coi 
ances  of  the  country. 

In  1842  he  removed  with  his  herbarium  to  Pontrilas  E 
in  Herefordshire,  an  Elizabethan  mansion  belonging  V 
brother-in-law,  and  combined  there  the  life  of  a  country  s 
with  that  of  a  diligent  student,  until  1854,  when,  returni 
London,  he  presented  his  herbarium  and  botanical  libra 
the  Royal  Gardens  at  Kew,  where  they  were  added  U 
still  larger  collections  of  Sir  William  Hooker.  After  a 
interval  Mr.  Bentham  took  up  his  residence  at  No.  25  ^ 
Place,  between  Belgrave  Square  and  Hyde  Park,  whici 
his  home  for  the  rest  of  his  life.  Thence,  autumn  hoi 
excepted,  with  perfect  regularity  for  five  days  in  the  we< 
resorted  to  Kew,  pursued  his  botanical  investigations  froi 
to  four  o'clock,  then,  returning,  he  wrote  out  the  notes  c 
day's  work  before  dinner,  hardly  ever  breaking  his  fast  i 
long  interval.  With  such  methodical  habits,  with  fre 
from  professional  or  administrative  functions  which  con 
the  precious  time  of  most  botanists,  with  steady  devotion  1 
chosen  work,  and  with  nearly  all  authentic  materials  and  nc 
appliances  at  hand  or  within  reach,  it  is  not  surprising  tfa 
should  have  undertaken  and  have  so  well  accomplished  s 
vast  amount  of  work :  and  he  has  the  crowning  merit  and  \ 
fortune  of  having  completed  all  that  he  undertook. 

Nor  did  he  decline  duties  of  administration  and  co 
which  could  rightly  be  asked  of  him.  The  Presidency  o 
Linnean  Society,  which  he  accepted  and  held  for  eleven 
(1863  to  1874),  was  no  sinecure  lo  him  ;  for  he  is  said  to 
taken  on  no  small  part  of  the  work  of  Secretary,  Treasurei 
Botanical  Editor.     Somewhat  to  the  surprise  of  his  yo\ 
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associates,  who  knew  him  only  as  the  recluse  student,  he  made 
proof  in  age  of  the  fine  talent  for  business  and  the  conduct  of 
affiurs  which  had  distinguished  his  prime  in  the  management 
of  the  Horticultural  Society ;  and  in  his  annual  presidential 
addresses,  which  form  a  volume  of  permanent  value,  his  discus- 
sions of  general  as  well  as  of  particular  scientific  questions  and 
interests  bring  out  prominently  the  breadth  and  fulness  of 
his  knowledge  and  the  soundness  of  his  judgment. 

The  years  which  followed  his  retirement  from  the  chair  of 
the  Linnean  Society,  at  the  age  of  seventy-three,  were  no  less 
laborious  or  less  productive  than  those  preceding ;  at  the  age  of 
eighty  (as  the  writer  can  testify)  the  diminution  of  bodily 
strength  had  wrought  no  obvious  abatement  of  mental  power 
and  not  much  of  facility ;  and  he  was  able  to  finish  in  the 
spring  of  1888  the  great  work  upon  which  he  was  engaged. 
As  was  natural  his  corporeal  strength  gave  way  when  his  work 
was  done.  After  a  year  and  a  half  of  increasing  debility  he 
died  simply  of  old  age — the  survivor  of  his  wife  for  three  or 
four  years,  the  last  of  the  Benthams,  for  he  had  no  children, 
nor  any  collateral  descendants  of  the  name. 

A  large  part  of  his  modest  fortune  was  bequeathed  to  the 
Linnean  Society,  to  the  Royal  Society,  for  its  scientific  relief 
fnnd,  and  in  otl)er  trusts  for  the  promotion  of  the  science  to 
which  his  long  life  was  so  perseveringly  devoted. 

The  record  of  no  small  and  no  unimportant  part  of  a 
Dataralist's  work  is  to  be  found  in  scattered  papers,  and  those 
of  George  Bentham  are  quite  too  numerous  for  individual  men- 
tion. The  series  begins  with  an  article  upon  Lahiatce,  published 
in  the  Linnaea  in  1831 ;  it  closes  with  one  in  the  Journal  of  the 
liinnean  Society,  read  April  19, 1883,  indicating  the  parts  taken 
by  the  two  authors  in  the  elaboration  of  the  Genera  Plantarum, 
then  completed.  Counting  from  the  date  of  the  Catalogue  of 
Pyrenean  plants,  1826,  there  are  fifty-seven  years  of  authorship. 
His  first  substantial  volume  in  botany  was  the  Lahiakirum 
Omera  et  >ipecies,  or  a  description  of  the  genera  and  species  of 
plants  of  the  order  Labiaice  with  their  general  history,  characters, 
affinities,  and  geographical  distribution,  an  octavo  of  almost 
800  pages,  of  which  the  first  part  was  published  in  1832,  the 
last  in  1836.  lie  found  even  the  European  part  of  this  large 
order  in  much  confusion  ;  his  monograph  left  its  seventeen 
hundred  and  more  of  species  so  well  arranged  (under  107  genera 
and  in  tribes  of  his  own  creation),  that  there  was  little  to  alter, 
except  as  to  the  rank  of  certain  groups,  when  he  revised  them 
lor  the  Prodromus  in  1848,  and  finally  revised  the  genera  (now 
increased  to  136,  and  with  estimated  species  almost  doubled) 
for  the  Genera  Plantarum  in  1876.  Although  the  work  of  a 
beginner,  it  took  rank  as  the  best  extant  monograph  of  its  kind, 
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viz:  one  of  a  laree  natural  order,  withoat  plates.  In  it  Mr. 
Bentbam  first  set  the  example,  in  any  large  way,  of  consoltiog 
all  the  available  herbaria  for  the  inspection  and  determiDatioi) 
of  type-specimens.  To  this  end  he  made  journeys  to  th^  oonti- 
nent  every  year  from  1830  to  1884,  visiting  nearly  all  the  public 
and  larger  private  herbaria. 

In  the  years  during  which  the  monograph  of  Labiata  was  in 
progress,  Mr.  Bentham  elaborated  and  published  the  earlier  ol 
the  papers  which  have  particularly  connected  bis  name  witl 
North  American  Botany.  These  are,  first,  the  reports  vOn  book 
of  the  new  ornamental  plants  raised  in  the  Horticultura 
Society's  Garden  from  seeds  collected  in  Western  North  America 
by  Douglas,  under  the  auspices  of  that  societ3',  by  which  wen 
first  made  known  to  botanists  and  florists  so  many  of  th< 
characteristic  genera  and  species  of  Oregon  and  California,  nov 
familiar  in  gardens,  Gilias  and  Nemophilas,  Limnanthee 
Phacelias,  Brodiseas,  Calochorti,  Eschscholtzias,  Collinsias,  am 
the  like ;  then  the  monograph  of  Hydrophylleoe  (1884),  followec 
the  next  year  by  that  on  Hosackia^  and  that  on  the  EriogonefEj— 
all  American  and  chiefly  North  American  plants, — the  firs 
fruits  of  a  great  harvest  which  even  now  has  not  wholly  beei 
gathered  in,  the  field  is  so  vast,  though  the  laborers  have  no 
been  few.  Later  the  Planlce  Hartwegiance^  an  octavo  volum 
begun  in  1889,  but  finished  in  1857  with  the  Cnlifornian  coUec 
tions ;  and  in  1844,  the  Botany  of  i/ie  Voyage  of  the  Sulphui 
in  quarto,  the  first  part  of  which  relates  to  Californian  botanj 
The  various  papers  upon  South  American  Botany  are  eve 
more  numerous ;  one  of  them  being  that  in  which  Heliamphon 
of  British  Guiuna,  a  new  genus  of  Pitcher  Plants,  of  the  Sa 
racenia  family,  was  established. 

Bentham's  labors  upon  the  great  order  Legummosce  bega 
early,  with  his  Oommeniationes  de  Leguminosarum  Oeneribu 
published  in  the  Annuls  of  the  Vienna  Museum,  being  the  wor 
of  a  winter's  holiday  (1886-7J  passed  in  that  capital,  in  the  hei 
barium  then  directed  by  Enalicher.  This  was  followed  by  i 
series  of  papers,  mostly  monographs  of  genera,  in  Hooker') 
Journal  oi  Botany,  in  the  Journal  of  the  Linnean  Society,  anc 
tflsewhere,  by  tlte  elaboration  of  the  order  for  the  imperial 
Flora  Brasiliensis,  and  later,  by  the  Revision  of  the  Genus 
Cassia  and  that  of  the  tSub  order  Jdiniosece,  in  the  Transactions 
of  the  Linnean  Society,  the  latter  (a  quarto  volume  in  sisse) 
published  as  late  as  the  year  1875.  Both  are  perfect  niodels  of 
monographical  work. 

An  important  series  of  monographs  in  another  and  more  con- 
densed form  was  contributed  to  DeCandolle's  Prodroraua, 
namely,  the  Tribe  Ericece  in  the  seventh  volume,  the  Polemoni 
in  the  ninth,  the  Scrophxdariacece  in  the  tenth,  the  Labiaia 


A.  Oray — Memorial  of  Oearge  Benthcmh.  Ill 

brming  the  greater  part  of  the  twelfth,  and  the  EHogonece  in 
lie  fourteenth  ;  these  together  filling  1133  pages  according  to 
he  surviving  editor.  If  not  quite  the  largest  collaborator  of 
■he  DeCandoUes,  as  counted  in  pages,  he  was  so  in  the  number 
yi  plants  described,  and  his  work  was  of  the  best.  It  was  also 
ready  in  time,  which  is  more  than  can  be  said  of  the  collabora- 
to>r8  in  general. 

There  are  few  parts  of  the  world  upon  the  botany  of  which 
Mr.  Bentbam  has  not  touched — Tropical  America,  in  the  ample 
oollections  of  Mr.  Spruce,  and  those  of  Hartweg,  distributed, 
and  the  former  partly  and  the  latter  wholly  determined  by  him, 
IS  also  Hinds'  collections  made  in  the  voyage  of  the  Sulphur, 
besides  what   has  already  been  adverted  to;  Polynesia,  from 
Hinds'  and  Barclay *s  collections ;  Western  Tropical  Africa,  in 
the  Niger  Flora,  most  of  the  Flora  Nigritiana  being  from  his 
hand;  the  Flora  Bongkongensis,  in  which  he  began  the  series 
of  British   Colonial   floras,   and   finally   that   vast   work,  the 
Flora  AtistraUensU^  in  seven  volumes,  which  the  author  began 
when  he  was  over  sixty  years  old  and  finished  when  he  was 
aeventy-seven.     Nor  did    he  neglect  the  cultivation   of  the 
Dirrow   and   more  exhausted   field   of   British  Botany.      His 
Handbook  of  the  British,  FlorOj  for  the  use  of  beginners  and 
amateurs,    published   in    1858,  has  gone   through    four  large 
editions.     Its  special  object  was  to  enable  a  beginner  or  a  mere 
amateur,  with  little  or  no  previous  scientific  knowledge  and 
without  assistance,  to  work  out  understandingly  the  characters 
by  which  the  plants  of  a  limited  flora  may  be  distinguished 
from  each  other,  these  being  expressed  as  much  as  possible  in 
ordinary  language,  or  in  such  technical  terms  as  couid  be  fully 
explained  in  the  book  itself  and  easily  apprehended  by  the 
learner.      The   immediate   and   continued   popularity   of  this 
handy  volume,  bringing  the  light  of  full  knowledge  and  sound 
method  to  guide  the  beginners  way,  illustrates  the  advantage 
of  having  elementary  works  prepared  by  a  master  of  the  sub- 
ject, whenever  the  master  will  take  the  necessary  pains.     To 
the  same  end,  the  author  prepared  for  this  volume  an  excellent 
and  terse  introduction   to  structural    and   descriptive  botany, 
which  has  been  prefixed  to  all  the  Colonial  Floras.     In   the 
firat  edition  to  ihis  British  Flora  it  was  attempted  to  use  or  to 

¥'?e  English  names  to  the  genera  and  species  tliroughoui. 
his  could  be  done  only  in  such  a  familiar  and  well-trodden 
field  as  Britain,  where  almost  every  plant  was  familiar;  hut 
even  here  it  failed,  and  in  later  editions  the  popular  names 
were  relegated  to  a  subordinate  position. 

It  has  been  stated  that  Mr  Bentham  was  over  sixty  years 
oW  when  he  undertook  the  F/ora  Ansiraliensis^  and  he  was 
seventy -seven  when  he  brought  this  vast  work  to  completion, 
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assisted  only  in  notes  and  preliminary  studies  by  Baron  von 
Mueller  of  Melbourne.  About  the  same  time  he  courageouslj 
undertook  the  still  greater  task  of  a  new  Oenera  Planiarum^  to 
be  worked  out,  not,  like  that  of  Endlicher,  mainly  by  the 
compilation  of  published  choracters  into  a  common  formula, 
but  by  an  actual  examination  of  the  extant  materials,  primarilj 
those  of  the  Kew  herbaria,-  this  work,  however,  in  conjonc* 
tion  with  his  intimate  associate.  Sir  Joseph  Hooker.  This  work 
is  the  only  **joint  production  '^  in  which  Mr.  Bentham  ever 
engaged.  The  relations  and  position  of  the  two  authors  made 
the  association  every  way  satisfactory,  and  the  magnitude  of  the 
task  made  it  necessary.  The  training  and  the  experience  of 
the  two  associates  were  very  different  and  in  some  wayscoinple- 
mental,  one  having  the  greatest  herbarium  knowledge  of  anj 
living  botanist,  the  other,  the  widest  and  keenest  observer 
of  vegetable  life  under  "  whatever  climes  the  sun's  bright  circle 
warms,"  as  well  as  of  Antarctic  regions  which  it  warms  very 
little.  It  would  be  expected,  on  the  principle  "juniores  an 
labores,"  that  the  laboring  oar  would  be  taken  bv  the  younger 
of  the  pair.  It  was  long  and  severe  work  for  Both ;  but  the 
veteran  was  happily  quite  free  from,  and  his  companion 
heavily  weightea  by,  onerous  official  duties  and  cares;  and 
so  it  came  to  pass  that  about  two-thirds  of  the  orders  and 
genera  were  elaborated  by  Mr.  Bentham.  In  April,  1888,  the 
completion  of  the  work  (i.  e.  of  the  genera  of  Phsenogamous 

[)lants,  to  which  it  was  limited)  closed  this  long  and  exemplary 
)otanical  career;  and  the  short  account  which  he  gave  to  the 
Linnean  Society  on  the  nineteenth  of  that  month,  specifying 
the  conduct  of  the  work  and  the  part  of  the  respective  authors, 
was  his  last  publication. 

In    this   connexion,  mention  should    also  be   made  of  the 
essays   (which   he  simply  calls  "Notes")  upon   some   of  the 
more  important  orders  which  he  investigated  for  the  Genera 
Plantarum, — the    Compositte,    the   Campanulaceous    and    the 
Oleaceous  orders,  the  Monocotyledoneae  as  to  classification,  the 
Euphorbiaceas,    the   Orchis   family,    the    Cyperaceae   and    the 
Grarnineae.     These  are  not  mere  abstracts,  issued  in  advance, 
but  critical  dissertations,  with  occasional  discussions  of  some 
general  or  particular  question  of  terminology  or  morphology. 
When    collected    they    form    a   stout    volume,    which,   along 
with    the    volume    made    up    of    his    anniversary    addresses 
when  president  of  the  Linnean  Society,  and  the  paper  on  the 
progress  and    state  of  systematic  botany,  read  to  the   British 
Association  for  the  Advancement  of  Science  in  1874,  should 
be  much  considered  by  those  who  would  form  a  just  idea  o\ 
the  largeness  of  Mr.   Bentham's  knowledge  and  the  charade 
of  his  work. 
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It  will  have  been  seen  ^hat  Mr.  Beutbacn  confined  bimaelf  to 
le  Phsenogamia,  to  morphological,  taxonomical  and  descrip- 
ve  work,  not  paying  attention  to  the  Cryptogamia  below  the 
'ems,  nor  to  veffetable  anatomy,  physiology,  or  palsBoutoIogy. 
[e  was  what  will  now  be  called  a  botanist  of  tne  old  school. 
Tp  to  middle  age  and  beyond  he  used  rather  to  regard  himself 
8  an  nmatear,  pursuing  botany  as  an  intellectual  exercise. 
^There  are  diversities  of  gifis;  perhaps  no  professional  natu- 
alisi  ever  made  more  of  his,  certainly  no  one  ever  labored 
nore  diligently,  nor  indeed  more  successfully  over  so  wide  a 
ield,  within  these  chosen  lines.  For  extent  and  variety  of 
rood  work  accomplished,  for  an  intuitive  sense  of  method,  for 
lucidity  and  accuracy,  and  for  insight,  George  Bentham  may 
burly  be  compared  with  Linnaeus,  DeCandolle,  and  Robert 
Brown. 

His  long  life  was  a  perfect  and  precious  example,  much 
needed  in  this  age,  of  persevering  and  thorough  devotion  to 
Science  while  unconstrained  as  well  as  untrammeled  by  pro- 
Imonal  duty  or  nece8sit3\  For  those  endowed  with  leisure, 
to  "live  laborious  days"  in  her  service,  it  is  not  a  common 
achievement. 

The  tribute  which  the  American  Academy  of  Sciences  pays 
iolhe  memory  of  a  deceased  Foreign  Honorary  Member  might 
here  6ttingly  conclude.  ^  But  one  who  knew  him  long  and 
veil  may  be  allowed  to  add  a  word  upon  the  personal  cnarac- 
terisiics  of  the  subject  of  this  memorial ;  the  more  so  that  he 
is  himself  greatly  indebted  for  generous  help.  For,  long  ago, 
vben  in  special  need  of  botanical  assistance,  Mr.  Bentham  in- 
riled  him  and  his  companion  to  his  house  at  Pontrilas,  and 
devoted  the  greater  part  of  his  time  for  two  months  to  this 
Krvice.  Mr.  Beniham's  great  reserve  and  dryness  in  general 
intercourse  and  his  avoidance  of  publicity  might  give  the 
impression  of  an  unsympathetic  nature.  But  he  was  indeed 
most  amiable,  warm-hearted,  and  even  genial,  ^^  the  kindest  of 
helpmates,"  the  most  disinterested  of  frienda 
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Art.  XVIII. — Pakontologte  Notes;  by  Charles  D.  Walcott, 

of  the  U.  S.  Oeological  Survey. 

In  reviewing  the  material  from  the  St  John  Group  of  New 
Branswick,  contained  in  the  Hartt  collection  at  Cornell  Uni- 
versity, the  following  species  were  found : 

Eocyatitee  primcevue  Billings. 

Lingula  f  Dawsoni  Matthew. 

Acrothele  McUthewi  Hartt,  8p. 

Linnarssonia  transversa  Hartt,  8p. 

OboleUa  ?y  sp.  undet. 

Orthis  BiUingsi  Hartt. 

OrthiSy  sp.  ?. 

Stenotheca  Acadica  Hartt,  sp. 

Harttia  Matthewi  Walcott,  n.  gen.,  n.  sp. 

JB^olithes  Acadica  Hartt.  j^ 

^  Danianus  Matthew,  mss.  .: 

H,  Micntac  Matthew,  mss. 

AgnostvA  Acadicus  Hartt. 

Microdiscus  Dawsoni  Hartt. 

M.  punctatus  Salter  ?. 

Paradoxides  lameUaius  Hartt. 

P.  Acadicus  Matthew. 

P.  Etiminictis  Matthew. 

Conocoryphe  Matthewi  Hartt. 

C,  elegans  Hartt. 

(J.  (Sakeria)  Bailey i  Hartt. 

Ptyckoparia  Robhi  Hartt. 

P.  Ouangondiana  Hartt. 

P.  Ouangondiana^  var.  Aurora  Hartt. 

P.  quadrata  Hartt. 

P.  Orestes  Hartt. 

P.  Orestes^  var.  Thersites  Hartt. 

P.  tener  Hartt. 

The  OboleUa  transversa  of  Hartt  is  clearly  allied  to  0.  sag- 
ittalis  Salter,  and  is  not  a  true  OboleUa,  but  represents  a  genus 
not  yet  defined. 

Mr.  Davidson*  called  attention  to  the  differences  between  ft 
chromatwa,  the  type  of  the  genus,  and  0.  sagittalis.  Later  Mr. 
S.  W.  Fordf  compared  the  two  forms,  and  suggested  that  0.  sag* 
ittalis  probably  represented  a  new  genus.  When  studying  the 
Obolella-like  forms  from  Nevada,  I  arrived  at  the  same  con* 
elusion  (1882),:!:  and  placed  the  species  in  three  groups,  taking^ 
0.  gemma  Bill.,  0.  (desquamata)  =  crassa  Hall,  as  typical  of  the 

*  Monogr.  Brit.  Fobs.  Brach.,  p.  338.     f  Tli"  Journal,  vol.  xxi,  p.  133,  1881. 
t  Pal.  Eureka  District,  Mon.  viii,  U.  S.  Geol.  Survey. 
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noB  Obolella ;  0.  f  polita  Hall,  0,  ambigua  Walcott,  as  repre- 
Dting  the  second  group,  and  0.  sagiitalis  the  third.  In  study- 
g  0.  transversa  Hartt,  the  similarity  between  it  and  0.  sag- 
kits  was  noted.  For  this  type  the  following  genus  is  proposed 
I  honor  of  the  late  Dr.  G.  Lmnarsson. 


Family  OBOLID^ 
LiNKABSSONiA,  n.  gen. 

Shell  calcareous,  transyersely  or  longitudinally  oyate,  sub- 
ircular;  convex  in  the  typical  species;  valves  inarticulate. 
'"entral  valve  convex  with  tne  eccentric  apex  perforated  by  a 
linate  foramen;  no  area;  cardinal  edge  thin.  Dorsal  valve 
onvex  in  the  species  thus  far  known;  without  any  area. 

In  the  interior  of  the  ventral  valve  two  oval  and  oblique 
cars  lie  each  side  of  the  slightly  raised  rim  surrounding  the 
linute  foraminal  opening  and  close  to  the  posterior  margin ; 
rom  the  foraminal  rim  a  groove  extends  obliquely  forward 
nd  outward  on  each  side,  so  as  to  enclose  a  projecting  a 
haped  ridge  that  is  highest  at  its  posterior  margin,  just  in 
rontof  the  circular  foraminal  opening. 

In  the  interior  of  the  dorsal  valve  two  large,  irregularly  cir- 
Qlar  scars  are  situated  close  to  the  posterior  margin  and 
eparated  by  a  low,  flat  ridge  that  extends  forward  between  the 
wo  small  divaricator  scars.     Type,  Obolella  transversa  Hartt 

Mr.  Davidson  did  not  find  that  the  ventral  valve  of  Obolella 
^ittalis  was  perforated,  but  if  finely  preserved  specimens  of 
le  exterior  of  the  valve  can  be  obtained,  I  have  little  doubt 
utthat  the  apex  will  be  found  to  be  perforated  by  a  minute 
>ramen. 

In  an  almost  identical  form  Mr.  Linnarsson*  found  the  ventral 
ilve  to  be  perforated,  and  also  describes  a  pedicle  groove  that, 
I  yet,  we  fail  to  find  in  Z.  transversa. 

The  Obolella-like  form  figured  by  Barrandeand  DeVerneuilf 
is  the  ventral  valve  perforate,  and  appears  to  be  closely 
lated  to  the  genua  under  consideration. 
The  plan  of  the  interior  of  the  ventral  and  dorsal  valves  of 
holdla  chromatica  are  given  as  in  Mr.  S.  W.  Ford^s  paper,:j: 
id  the  interiors  of  L,  transversa  from  drawings  from  the  types 
f  the  species. 

In  a  future  paper  I  will  endeavor  to  bring  together  descrip- 
ons  and  illustrations  of  all  the  American  Cambrian  species  of 

*Brach.  Paradoxides  beds  of  Sweden,  1876,  pi.  iii,  figs.  36-41. 
♦  Bull.  Geol.  Soc.  France,  2d  ser.,  vol.  xvii,  pi.  viii,  fig.  6. 
.  ;  The  genus  Obolella.    This  Journal,  vol.  xxi,  p.  131,  1881. 
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.  Dimina  Acadiea  flartt  is  now  referred  to  the  genus  Sienotheca. 
When  examining  specimens  of  Sienotheca  rngosa  Hall,  sp.,  from 
the  Georgian  horizon  at  Troy,  New  York,  in  the  collection  of 
Mr.  Su  W.  Ford,  I  noticed  compressed  specimens  that  are 
almost  identical  in  appearance  with  the  type  of  Professor 
Hartt's  species  now  beiore  me.  Mr.  R  P.  Whitfield^  called 
attention  to  this  resemblance,  believing  that  D.  Acadiea  was  the 
impression  of  a  univalve  shell  of  the  genus  Palceacmea  or  Sien- 
otheca. 

Desouption  of  Fioubes. 

Fig.  I.  PlaD  of  the  interior  of  the  dorsal  valve  of  Obolelia  chromatica  as  deter- 
■ined  bj  Mr.  BiUings.  Big.  2.  Ditto  of  the  yentreL  Fig.  L'.  GutliDO  of  the  interior 
of  te  yentral  valve  of  lAnnarssonia  transversa ;  the  apex  of  the  triangular-shaped 
pnjectioD  in  front  of  the  foraminal  opening  is  broken  off.  Fig.  4.  Cast  of  the 
iBlerior  of  the  ventral  valve  of  ditto.  Fig.  5.  Cast  of  the  interior  of  the  ventral 
filve  ctf  L.  mtgUUUiSj  after  Davidson.  Fig.  6.  Interior  of  the  dorsal  valve  of  L. 
frMfMrao.  as  shown  in  a  flattened  specimen.  Fig.  7.  Cast  of  the  interior  of  the 
dond  valve  of  an  tinoompresaed  example  of  L.  transversa.  Fig.  8.  Cast  of  the 
iBknior  of  the  dorsal  valve  of  L.  sagiUatis,  after  Davidson. 


Abt  XTX- — On  the  Rotation  of  the  Equipoteniial  Lines  of  an 
Sledric  Current  by  Magnetic  Action ;  by  E.  H.  Hall,  Instruc- 
tor in  Physics  at  Harvard  College. 

In  this  article  the  results  will  be  given  of  experiments  made 
daring  the  month  of  August,  1883,  and  at  intervals  since,  in 
the  Physical  Laboratory  of  Harvard  College.  The  substances 
which  have  been  chiefly  examined  are  copper,  zinc,  certain  of 
their  alloys,  and  iron  and  steel.  Some  mention  will  be  made 
iboof  gold,  cobalt,  nickel,  bismuth  and  antimony.  In  most 
CMes  when  possible  the  metal  was  used  in  the  form  of  a  thin 
itrip  about  I'l  cm.  wide  and  about  8  cm.  long  between  the  two 
pieces  of  brass  B,  B  (fi^.  1),  which  soldered  to  the  ends  of  the 
Itrip  served  as  electrodes  for  the  entrance  and  escape  of  the 
main  current  To  the  arms  a,  a,  about  2  mm.  wide  and  perhaps 
7  mm.  long,  were  soldered  the  wires  w^  w,  which  led  to  a  Thom- 
sou  galvanometer.  The  notches  c,  c,  show  how  adjustment 
was  secured.  The  strip  thus  prepared  was  fastened  to  a  plate 
of  glass  by  means  of  a  cement  of  beeswax  and  rosin,  all  the 
parts  shown  in  the  figure  being  imbedded  in  and  covered  by 
this  cement,  which  was  so  hard  and  stiff  as  to  be  quite  brittle 
at  the  ordinary  temperature  of  the  air. 

The  plate  of  glass  bearing  the  strip  of  metal  so  imbedded 
was,  when  about  to  be  tested,  placed  with  B,  B,  vertical  in  the 
narrow  part  of  a  tank  whose  horizontal  section  is  shown  in  fig. 
9l     This  tank  T  T  containing  the  plate  of  glass  with  the  metal 

*  BulL  Amer.  Mus.  Nat  Hist,  vol.  i,  p.  UO. 

An.  JouB.  Sol— Tanu)  Sibibs,  Vol.  XXTX.  No.  170.— Feb.,  1885. 
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strip  was  placed  between  the  poles  P,  P,  of  the  electron 
The  tank  was  filled  with  water  which  was  sometimes  i 
and  sometimes  flowing.  By  this  means  the  temperature 
strip  of  metal  was  under  tolerable  control  and  the  inc< 
ience  from  thermoelectric  effects  at  a  and  a  considerab 
sened.  The  diameter  of  the  plane  circular  ends  of  th* 
pieces  P,  P,  is  about  3*7  cm. 


The  general  method  of  most  of  the  experiments  to  be 
tioned  did  not  differ  much  from  that  described  in  this  J( 
for  September,  1880.  The  intensity  of  the  magnetic  fiel 
estimated  as  before,  by  the  impulse  given  to  a  galvano 
needle  when  a  small  coil  in  connection  with  the  galvano 
was  suddenly  removed  from  the  field.  This  impulse  was 
pared  with  that  given  to  the  same  needle  by  the  o 
obtained  by  turning  an  earth  inductor  of  known  dimensi< 

The  direct  current  through  the  strip  under  examinatio 
measured  by  means  of  a  tangent  galvanometer.  The  tran 
current  was  measured  by  means  of  a  Thomson  galvanoi 
the  reduction  factor  of  this  instrument  usually  being 
mined  by  passing  through  it  a  current  of  known  strength 
minutes  before  and  a  few  minutes  after  each  set  of  ob 
tioDS  on  the  transverse  current. 

The  rotational  powers  will,  then,  be  given  in  oste: 
absolute  measure,  but  an  uncertainty  of  several  pei 
attaches  to  the  values  given  owing  to  uncertainty  in  r^ 
the  following  quantities :  1st,  the  thickness  of  the  strips  < 
ined;  2d,  the  dimensions  of  the  small  test  coil  used  for  g 
streoRtb  of  magnetic  field ;  3d,  the  horizontal  intensity  < 
earths  magnetism;  4th,  the  reduction  factors  of  the  ta 
galraoometer  used;  5th,  the  magnitude  of  the  direct 
caKMtad  by  the  electromagnet  upon  the  Thomson  galvanc 
M  %  dittmBee  of  about  50  feet 
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One  of  the  most  troublesome  operations  in  these  experiments 
I  that  of  determining  the  thickness  of  the  metal  strips  exam- 
Ded.  Owing  to  the  inevitable  slight  roughness  of  the  surface, 
iirect  measurement  with  calipers  is  likely  to  give  too  great  a 
ihickneas.  On  the  other  hand  the  density  of  many  specimens 
is  subject  to  considerable  uncertainty  and,  therefore,  the  indi- 
rect method  by  means  of  weight  and  density,  which  is  the 
method  used,  cannot  be  applied  with  full  confidence.  More- 
over the  latter  method  gives,  at  best,  only  the  average  thick- 
ness of  the  strip,  whereas  I  have  heretofore  assumed,  and  in 
this  article  still  assume,  that  the  effective  thickness  of  the  strip 
18  the  thickness  of  that  part  which  lies  between  the  two  arms 
s,  a.  My  practice  of  late  has  been,  therefore,  to  determine  the 
average  thickness  by  the  weight  and  density  method,  making 
use  of  the  best  data  available,  and  to  estimate  the  thickness  be- 
tween the  arms  by  adding  to,  or  subtracting  from  the  average 
thickness,  according  as  the  calipers  indicated  the  thickness  at 
that  place  to  be  greater  or  less  than  the  average.  In  case  of  sev- 
eral of  the  strips  to  be  mentioned  hereafter  this  correction  was 
somewhat  carelessly  made  and  there  may  be  an  inaccuracy  of 
{oar  or  five  per  cent  in  the  estimated  *^  effective  thickness." 
With  other  strips  much  care  was  taken  in  this  respect  and  it  is 
bdieved  that  the  uncertainty  in  regard  to  the  density  of  the 
iietal  is  the  greatest  source  of  error  in  determining  the  thick- 
MBB  in  these  cases.  Particulars  will  be  given  as  the  strips  are 
in  tarn  described. 

The  5th  source  of  error  was  very  troublesome  in  the  experi- 
ments upon  certain  alloys.  The  galvanometer  was  unfortun- 
itely  so  placed  that  not  only  the  magnitude  but  even  the 
direction  of  this  effect  of  the  electromagnet  might  be  varied 
when  by  any  means  the  galvanometer  needle  was  turned  a  few 
dq;rees  from  its  ordinary  position  of  rest 

CoppsB,  Zinc  and  their  Allots. 

More  than  three  years  ago  (B.  A.  Report,1881),  I  found  that 
if  the  rotational  power  of  copper  is  called  — ,  that  of  zinc  is 
-h.  At  the  same  time  a  specimen  of  brass,  exact  composi- 
tion unknown,  had  been  found  to  lie  between  copper  and  zinc 
in  this  respect,  but  nearer  the  copper,  having  in  fact  a  small 
—  rotating  power. 

Through  the  kindness  of  Prof.  Trowbridge  and  Mr.  E.  K. 
Stevens,  I  had  at  command  in  the  summer  of  1883  several 
alloys  of  copper  and  zinc  in  widely  varying  proportions.  Spec- 
imens of  these  alloys  had  been  analyzed  chemically  by  Mr. 
Stevens,  but  as  they  had  lain  for  some  time  in  an  exposed  posi- 
ion  after  he  had  finished  his  work  upon  them,  I  feared  the 
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labels  upon  them  might  not  be  intact,  and  Mr.  G.  D.  Moor 
the  Harvard  class  of  1884  has  been  kind  enough  to  make  1 
analyses  for  me,  determining  both  the  copper  and  the  zin* 
specimens  furnished  him  in  the  form  of  thin  strips  sad 
were  used  in  my  own  experiment&     Mr.  Moore  found 

Spedmen.  Copper.  Zino. 


A 

99-9  per 

cent. 

_  •  •  _ 

B 

81-08 

18*51  percent. 

C 

72-86 

27-02 

D 

66-85 

33-04 

P 

6-87 

93-79 

G 

a  trace 

99-54 

Specimen  E  which  contained  apparently  about  60  per  ( 
copper  was  so  brittle  that  I  did  not  suoceea  in  getting  it  rol 
into  a  thin  sheet. 

Most,  if  not  all,  of  these  specimens  were  annealed  one  or  n 
times  during  the  process  of  rolling.  None  of  the  strips  ex 
ined,  however,  were  annealed  after  the  final  rolling.  AI 
the  strips  which  were  used  were  cut  in  such  a  way  that 
arms  a,  a  extended  in  that  direction  in  which  the  strips  pai 
through  the  rolls. 

As  it  is  a  somewhat  troublesome  matter  to  determine  sn 
rately  the  density  of  a  thin  strip  of  metal  and  as  my  immed 
purpose  did  not  demand  great  accuracy  in  this  respec 
seemed  allowable  to  estimate  the  density  of  the  alloys  f 
their  composition.  After  certain  rough  experiments  the  < 
sity  8'9  was  assumed  for  the  copper,  and  7*2  for  the  2 
Assuming,  what  we  know  to  be  not  strictly  true,  that  the  < 
sity  of  an  alloy  decreases  regularly  as  its  amount  of  zinc 
unit  mass  increases,  we  find 

Alloy.  Denilty. 

B  8-6 

C  8*4 

D  8-3 

P  7-3 

The  description  of  particular  strips  will  now  be  given. 

A.    (No.  1.) 

Length  of  main  strip  when  weighed 4*20  cm. 

Width  of  main  strip  when  weighed 1-07  cm. 

Area  including  that  of  the  arms 4*98  cm. 

Weight -202  gnu 

Density 8'9 

Average  thickness  from  above -00456 
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By  ealipera  the  thickness  appeared  to  be  at  one  end  -0046; 
kor  end  *0044;  between  arms  *0048;  average  -0046.  Take 
en  for  tme  thickness  between  arms  '0047B. 
The  measarement  with  calipers  in  this  case  was  not  made  with 
real  care,  and  the  correction  here  applied  is  open  to  some  sus- 
irion. 

With  this  strip  the  space  between  the  brass  strips  B,  B  (fig.  1) 
ms  aboat  3*2  muL 

B.  (No.  1.) 

Leneth  of  main  strip  when  weighed 4*68  cm. 

Width  of  main  strip  when  weighed 1*08  cm. 

Area,  including  that  of  the  arms 5*32  cm.  sq. 

Weight '184  grm. 

Density 8*68 

Average  thickness  from  these  data *00403  cm. 

From  the  indications  of  the  calipers  I  concluded  that  the 
Dckoess  between  the  arms  was  about  1^  per  cent  greater  than 
16  average  thickness. 

Hence  thickness  between  the  arms,  *00409  cm.  This  value, 
ke  that  given  for  A,  may  be  wrong  to  the  extent  of  several  per 
mt.    Distance  between  strips  B,  B,  about  3*2  cm. 

C.  (No.  1.) 

Leneth  of  main  strip  when  weighed 3*76  cnu 

Width  of  main  strip  when  weiehed    1*08  cm. 

Area  of  whole  strip  when  weighed    4*39  cm.  sq. 

Weight '1085  grm. 

Density 8*44 

Average  thickness  from  these  data *00292  cm. 

Bj  calipers  thickness  at  one  end,  *0034 ;  at  other  end,  *0082 ; 
setween  arms,  *0084;  average,  *00333  cm.  Take  then  for  true 
diickness  between  arms  '00299  cm.  Distance  between  strips 
B,B,  about  3*2  cm. 

D.  (No.  1.) 

Length  of  main  strip  when  weighed 3*80  cm. 

Wi^h  of  main  strip  when  weighed 1*07  cm. 

Area  of  whole  ("trip   4*45  cm.  sq. 

Weight '1081  grm. 

Density 8*83 

Average  thickness  from  these  data *00291  cm. 

By  calipers  thickness  at  one  end,  *0030 ;  at  other  end,  *0030 ; 
ftween  arms,  *0032 ;  average,  *00307  cm.  Take  for  true  thick- 
fls  between  arms  '00304  cm.  Distance  between  strips  B,  B, 
out  3*2  cm. 


# 
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P.    (No.  1.) 

Length  of  main  Btpp  when  weighed 8*70  om. 

Width  of  main  strip  when  weighed 1*06  cm. 

Area  of  whole  strip  when  weighed   4*28  cm.  sq. 

Weight -2915  grm. 

Density 7*3 

Average  thickness  from  the  data '00934  cm. 

By  calipers  thickness  at  one  end,  -0098 ;  at  other  end,  -0100; 
between  arms,  -0100 ;  average,  *0099d  cm.  Take  for  true  thick- 
ness between  arms  -00941  cm.  Distance  between  strips  B,  B, 
about  3*2  cm. 

G.     (No.  1.) 

Length  of  main  strip  when  weighed 4*17  cm. 

Width  of  main  strip  when  weighed 1*09  cm. 

Area  of  whole  strip  when  weighed   5-03  cm.  iq. 

Weight *1206  grm. 

Density 7-2 

Average  thickness  from  these  data -00333  cm. 

From  a  somewhat  careful  use  of  the  calipers  it  appeared  th&t 
the  thickness  between  the  arms  was  about  4^  per  cent  greater 
than  the  average  thickness. 

Take  then  for  thickness  between  arms  :00348  cm.  Distance 
between  strips  B,  B,  about  3*2  cm. 

The  main  object  in  the  experiments  upon  these  metals  and 
their  alloys  was  to  determine  whether  the  alloys  would  range 
themselves  according  to  any  simple  law  so  that  the  magnitude 
of  the  rotational  power  in  any  alloy  might  be  inferred  from  its 
known  proportions  of  copper  and  zinc.  Some  attempt  was 
made,  moreover,  to  determine  the  effect  of  change  of  tempera- 
ture in  different  specimens. 

It  will  be  seen  that  the  intensity  of  the  magnetic  field  was 
kept  nearly  the  same  throughout  the  experiments  of  August 
upon  copper,  zinc,  and  their  alloys.  The  strength  of  the  direct 
current  was,  moreover,  of  about  the  same  magnitude  in  all 
cases  except  the  experiments  of  Aug.  11th  on  copper.  On 
that  day  the  current  used  was  less  than  one  half  as  strong  as 
that  used  later.  The  same  strip  of  copper  was  tested  again 
Aug.  29th  with  a  current  of  the  usual  strength  and  the  agree- 
ment between  the  results  obtained  under  so  widely  different 
conditions  is  quite  close. 

In  the.  following  table  and  throughout  this*article  the  C.  G. 
S.  system  is  used  wherever  no  statement  is  made  to  the  con- 
trary. The  following  symbols  used  with  the  tables  need 
explanation : 
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C  mesnt  cnirent  ftlong  tine  C  D  (fie-  !)■ 
H  muDB  intensity  of  magnetic  field  perpendionlar  to  plane 
>f  paper  in  fig.  1.  • 

R  P.  meaDB  rotatory  power,  which  ib  namericallj  defined  bj  the 

EiprcBsion  0= — ^,  in  which  D  ia  the  thickneis  of  the  metal  Btrip, 

tnd  E  is  the  electromotive  force  resulting  from  C  and  M  which 
nuntains  the  trantverae  earrent.*  The  R.  P.  is  considered  poti- 
liffs  when  E  is  of  saoh  a  character  as  to  send  a  positive  transverse 
mrent  in  that  directioo  in  which  the  condncting  strip  tends  to 
move  ander  the  action  of  the  main  current  and  the  magnetic 
force. 

The  Umperatnres  referred  to  in  the  tables  are  those  indicated 
bv  a  thermometer  placed  in  the  water  tank  containing  the  plates 
when  onder  examination  (fig.  2). 

Copper,  Zinc,  and  their  Alloys. 


»«r». 

ebam.  anal. 

DU.. 

t™. 

.        0 

R.P. 

xlO" 

B.P. 

Uo" 

's;t.i 

Oow«. 

'nSSI" 

Cop 

^ 

A 

lOD 

1SB3. 
Aug.  11 

Ang.  29 

3-C. 

*■»• 
Sl-5° 
246° 

570o!-0619 
5fl40'-0819 
6560, -0816 
6030-1906 

(-531) 
(-630} 
(-620)  ( 
(-619)  \ 

(-B30) 

B 

81-3 
(8108) 

,8-7 
(18(H) 

Aug.  IB 

26° 

6JBo'-1800 

(-404) 

(-404) 

91-3 

8'I 

C 

73 
(7a|e6) 

37 
(2V03) 

Aog.n 

E-l" 

22'8' 

s68ol-ieio 

6700-1830 

(-246) 
(-360) 

(—360) 

80 

30 

D 

t1 

(66|B6) 

33 
(33|M) 

..,u 

35" 

5B30;-1G80 
B930;1680 

(-178) 
(-166) 

[-166) 

73.6 

36-4 

F 

(S-87) 

9«    1 

{93-79)iAuf,  n 

24'? 

6610-1790 
SeBO  -1780 

(  +  527) 
(+496) 

(  +  496) 

24 '3 

7B-7 

G 

0-0 

(tnce) 

100 
(9B-B4)Aug.  16 

1      ;■ 

22-l° 

615D   1860 
6i30  -1860 
6210 -1870 

(+838) 
+  830)1 
+  809)  f 

(  +  830) 

This  table  shows  the  resnlts  of  experiments  with  the  metal 


Drips  thos  far  described  in  detail. 


xperi 
The 


last  two  colamns  give 
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tOwpoaitiOQOlalkiT*  which  dpnortmiEbt  htv*  beeu  expected  (o  have  tb«M 
ntaMiilR.P. 
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amHOximately  the  composition  of  plates  which  woold  have 
oosenred  rotatory  powers  if  copper  and  zinc  in  uniting  retai 
their  individual  t)owers  unaltered.  It  will  be  perceived  thi 
every  case  the  proportion  of  copper  demanded  upon  this  b 
is  greater  than  the  proportion  in  the  actual  plate. 

At  the  time  these  experiments  were  made  I  supposed  plal 
to  contain  about  92  per  cent  of  copper,  which  would  have 
nished  an  exception  to  this  rule.  Thinking  some  serious  ei 
might  have  been  made  in  estimating  the  thickness  of  this  pi 
or  that  of  the  copper  plate  or  the  zinc,  I  prepared  with  i 
great  care  plates  No.  2  of  A,  B  and  6.  These  new  plates  v 
similar  to  those  already  described,  but  were  in  length  betw 
B  and  B  about  2*2  cm.  As  the  vacation  was  now  over  and 
opportunities  for  experimental  work  were  limited,  I  oontei 
myself  with  making,  in  the  main,  comparative  experiments  \ 
these  platea  I  did  not  redetermine  the  horizontal  intensit 
the  earth's  magnetism  and  I  made  no  attempt  to  determine 
direct  effect  of  the  electromagnet  upon  the  Thomson  gal  van 
eter  with  which  the  transverse  current  was  observed.  I  k 
that  this  direct  effect  was  small  and  I  endeavored  to  arrs 
matters  in  such  a  way  that  it  would  affect  all  the  new  results  \ 
A,  B  and  G  in  the  same  direction  and  to  nearly  the  same  exi 
The  intensity  of  the  magnetic  field  in  the  experiments  with  tl 
plates  was  about  the  same  as  in  the  previous  experiments  y 
the  alloys.  This  intensity  was  determined  as  usual  on  OcU 
20th,  wnen  the  effect  of  change  of  temperature  upon  the  p 
B  No.  2  was  tested,  but  on  October  18th,  when  A  No.  2 
B  No.  2  were  compared,  ai»d  on  October  27th,  when  A  N 
and  G  No.  2  were  compared,  this  determination  was  not  < 
sidered  necessary.  On  October  13th  A  No.  2  was  tested  1 
then  B  No.  2,  then  A  No.  2  again.  This  arrangement  ten 
to  make  the  result  of  the  comparison  independent  of  any 
gressive  diminution  in  the  strength  of  the  current  opera 
the  electromagnet,  and  it  saved  much  time.  On  October  S 
the  same  method  was  followed. 

I  shall  not  attempt  to  give  the  result  of  these  experiment 
absolute  measure,  but  shall  write  the  results  obtained  on 
arbitrary  scale. 


Per  cent 

Per  cent 

Specimen. 

of  Ck>pper. 

of  Zinc. 

Temp. 

R.P 

A.         No.  2. 

99-9 

w  w  a  •» 

^   , 

100( 

B. 

81-08 

18-61 

21** 

7«1( 

M                      it 

(( 

k( 

4* 

IB'll 

"  99-54  158-8(4 

Vo.  2  and  B  No.  2  were  compared  at  about  25^  C,  A  N 
No.  2  at  about  19^*0. 
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The  ymlaes  of  &  P.  given  in  the  first  table  are  in  the  foUow- 
g  pioportion : 

A  No.  1.        100     (— ) 
B        "  7V.6  (-) 

C        "  167-6  (+) 

This  agreement  was  regarded  as  highly  satisfactory,  all 
lings  oonsidered,  and  the  apparent  exception  which,  as 
atad  mbove,  had  been  noted  in  the  case  of  B  appeared  to  be 
Mifirmed.  The  result  of  the  chemical  analvsis,  however, 
lowed  that  this  alloy,  which  according  to  tlie  label  found 
pon  it  contained  nearly  92  per  cent  of  copper,  really  had  the 
Mnposition  given  in  the  tables  above.  Alloy  B,  then,  does 
Miiorm  to  the  rule  that  the  alloys  of  copper  and  zinc  have 
jlating  powers  nearer  to  that  of  copper  than  the  composition 
f  the  alloys  would  have  led  one  to  expect. 

Ikflubnos  of  Tbmpbraturs. 

It  will  be  seen  that  in  the  case  of  copper,  zinc  and  all  the 
Hoys  except  C,  a  fall  of  temperature  appei^rs  to  cause  a  slight 
Dcrease  in  the  numerical  value  of  of  the  rotating  power.  It  is 
lossible  that  upon  further  trial  the  apparent  exception  fur- 
ashed  by  C  would  disappear.  It  does  not,  on  the  other  band, 
eem  probable  that  the  agreement  in  a  particular  direction  of 
ve  cases  out  of  six  is  entirely  accidental.  In  the  case  of  D 
lie  apparent  change  caused  by  fall  of  temperature  is  very 
onsiderable,  but  the  observations  made  with  this  alloy  were 
articularly  unsatisfactory,  the  needle  of  the  Thomson  gal- 
mnometer  being  quite  unsteady,  while  the  total  effect  to  be 
neasured  was  small. 

The  experiments  upon  iron  and  steel  were  in  the  main 
epetitions  of  those  already  published,  but  made  with  more 
are. 

Soft  Iron. 

The  dimensions  of  the  strip  of  soft  iron  used  in  the  experi- 
ments were  roughly  as  follows : 

Length  between  terminals  B,  B,  (fig.  1), 2*9  cm. 

Width, 1-06  cm. 

Thickness, '0041  cm. 

Like  the  strip  used  in  1882^  it  was  obtained  through  the 
kindness  of  Prof.  Langley  of  the  Allegheny  Observatory,  and 
the  two  strips  had  probably  nearly  the  same  composition  and 
character. 

*Thii  Journal,  March,  1883. 
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AUboagh  the  test  made  in  1882  was  not  BatJsfacto 
seemed  to  me  to  indicate  that  the  R  P.  of  soft  iroa  was  oli 
greater  at  bigh  than  at  low  magnetic  intensities,  and  I  haz 
the  opinion  that  future  experiments  would  prove  this  to  I 
case.  This  opinion  hasncarcely  been  justitied  by  the  i 
The  table  given  below  does  indeed  appear  lo  indicate  a 
slight  increase  in  the  R  P.  ns  M  rises  from  801  to  S2& 
again  as  M  rises  Trom  3264  to  6835,  but  the  increase  i 
Dumbera  as  observed  is  too  slight  to  deserve  any  conGden 


DatB. 
Aag.22, 

Temp, 
63.    6-2* 

M. 
791-4 

C. 
-1771 

R.P. 
+  7147X10- 

Kstimatec 

■t3( 

** 

28-2 
28-3 
28-26 

797-6 
804-6 
801-1 

-1742 
■1794 

+  8.102 

+  8304 

8803 

+  8290> 

Aug.  23. 

28-1 
28-4 
27-65 

32S9 
3274 
3260 

■1728 
■1702 
-1696 

8306 

8289 
8306 

28-05 

3264 

8300 

+  8297> 

Ang.^  24. 

28-7 
28-1 
28-0 

5797 
5833 
6876 

•1839 
■1842 
-1863 

8391 

8310 
8245 

28-27 

6835 

8315 

+  8300> 

Aug.  27. 

27-26 
28-36 
27-96 

8626 
8690 
8636 

■1894 

-1898 
■1911 

8139 
8261 
8200 

27-86  8661  8200  +8208> 

Fall  of  B.  P.  for  1*  fal]  of  temperature  equals  •pproximatol;  {^  p«r  cwi 

On  the  other  hand  the  decrease  in  the  ol^erved  vala*  i 
It.F.  aa  M  rises  from  6835  to  8651,  though  slight,  Beems  1 
strong  evidence  of  an  actual  falling  off  in  the  value  of  the 
of  iron  at  high  magnetic  intensities. 

In  any  case  it  appenrs,  und  this  was  one  of  the  impc 
questions  to  be  answered  by  the  experiments,  that  the  T 
iron  under  magnetic  forces  of  varyinc^  ir)ten3ity  ifl  C 
constHDt  than  the  R.  P.  of  nickel,  for  ; 
experimenis*  the  R  P.  of  nickel  in  a  •■ 
sity  8700  ie  many  per  cent,  perhai  "^ 
field  of  intensity  2000. 

The  one  trial  made  atj 
ence  drawn  from  a  sitD 
fallofl°C.  diminishji 
It  is  witEi  these  e^ 
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make  the  slight  changes  necesaarj  to  detluce  from  the  obaerved 
results  the  values  of  the  R.  P.  at  28°. 

A  test  waa  made  with  this  atrip  of  aoft  iron  for  a  jierinanent 
change  in  the  direction  of  the  equipotential  lincB,     A  similar 
fxjieriment  with  tempered  steel  the  year  hefore  had  been  auc- 
ces^fnl  and  the  description  of  the  method   I  will  quote  from  :i 
jirevioufl   article   (this  Journal,    March,    IHS'A).     ■•  Thia  plate, 
with  the  usual  electrical  connecti.ms,  and  with  a  current  flow- 
nj<;  through  it,  was  placed  in  the  usiiid  jiosltioti  betireen  the 
poles  of  the  electromagnet,  the  magnet  current   waa  turned  on. 
llieii  off,  and   the  plale  removed   from   between   the  poles  in 
order  to  avoicl   the   action  of  the  very  considerable  residuni 
magnetism  of  the  electromagnet     A   reading  of  the  Thomson 
galvanometer  in  the  transverse  circuit  was'now  made,  then  the 
plate  was  replaced  between  the  poles  and  the  cnrrent  tamed  on 
again  hut  in  the  opposite  directiim.     Tlie  magnet  current  be- 
ingagain  interrupted,   the  plate  was  again   removed  from  the 
it'.i  and  another  reading  of  the  Thomson  galvanometer  waa 
niiiiie."     Making  this  experiment  with  the  soft  iroD  and  with  a 
"biltery  of  50  cells,  the  result  was  a  negative  one.    Ittnj  per- 
manent efTect  waa  produced,  it   waa   probably  a  small  partof 
one  per  cent  of  the  temporary  effect  producoj  while  the  plate 
waa  subjected  to  the  magnet's  action. 

Stekl. 
The  steel  used  in  this  series  of  experiments  kis  oblainerj 
from  Montgomerv  &  Co.,  New  York,  and  wu  iiagmttd  by 
■lielctters  "F.  C.  R.''  which  stand  for  "Frencfc  CjMBoJJcJ." 
This  steel  us  it  came  inim  the  dealers  was  pliable  and  xoft 
'iWDgh  to  be  quite  readily  cut  with  a  pockettuife  The  tir.si 
"rip  to  be  described  was  tested  in  thia  "  namnJ  "oon'iilion. 
No.  1  (unUmpered) 

Length  of  main  strip  when  weighed i-15  cm. 

Width  of  main  airip  when  weighed J'lOcm. 

I^ea  of  whole  strip  when  weigM.* *-88  so  ,.tt, 

ftgg'"' .^^^...... <-2Ignn. 


IKOlii'  .„ 

^-     -OlII.;  ,.„ 

,ted 

■de- 

orefnllv  ■■■Vr 

were 

ion  i„  ..    ■■ 

f   the 

«iey;u;,:.: 
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Results  obtained  with  these  two  strips  are  shown  in  the 
lowing  table: 

Date.  Tenp.  M.  C.  R.P. 

No.  1.  Nov.  24.         18-7**         1647         -0970     +12000X1 

"  "  _2^  1629         -1007      +11230X 

16-2  770^ 

Decrease  for  1"  fall  of  temperature,  approximately  4  per  oent. 

No.  2.  Dec.  1.  18-°  1602         -0870     +32720X1 

"  '*  V9^  1687  0908      +  80800  X 

leT  1920 

Decrease  for  1 "  fall  of  temperature,  approximately  A  per  cent. 

The  magnitude  of  the  rotational  coefficient  in  the  soft  8 
is  about  li  times,  and  that  in  tempered  steel  about  4  time 
great  as  that  in  the  soft  iron.  This  agrees'  very  w«ll  with 
conclusion  drawn  from  the  hasty  experiments  of  the  year 
fore,  when  a  piece  of  steel  from  a  clock-spring  was  a; 
When  a  sensitive  galvanometer  is  used,  an  ordinary  permar 
horse-shoe  magnet  of  half  inch  bar  produces  an  easily  disoe 
ble  effect  in  the  strip  of  tempered  steel. 

It  should  be  stated  that  two  or  three  months  before  the  tr 
which  furnished  this  table  were  made,  both  these  steel  sti 
had  been  subjected,  in  the  usual  position,  to  a  magnetizing  f( 
of  about  8500  intensity.  It  does  not  seem  probable  that 
results  just  recorded  were  seriously  affected  by  this  previ 
experience  of  the  steel. 

This  first  magnetization  was  for  the  purpose  of  detecting 
possible,  a  permanent  effect,  such  as  had  been  observed  a  y 
before  in  a  piece  of  tempered  clock-spring,  but  had  been  vai 
looked  for  in  soft  iron. 

No.  2  showed  a  permanent  effect  equal  to  about  1^  per  c 
of  the  temporary  effect,  a  result  agreeing  very  well  with  t 
obtained  with  the  tempered  clock-spring.  No.  1  showec 
permanent  effect  relatively,  and  even  absolutely,  larger  tl 
that  in  No.  2.  It  was  about  5  per  cent  of  the  temporary  eff 
In  both  cases  the  tests  made  were  hasty,  and  the  results 
tained  are  only  approximately  correct.  I  believe  it  has  b 
observed  that  residual  magnetization  is,  under  certain  cot 
tions,  greater  in  soft  than  in  hard  steel. 

Gold. 

The  only  experiment  of  importance  made  with  gold  wi 
test  for  permanent  effect.  The  strip  used  was  the  one  exp 
mented  with  the  year  before,  a  description  of  which 
already  been  published  (this  Journal,  March,  1883).  The  ] 
manent  effect,  if  any  was  produced,  must  have  been  a  v 
small  part  of  one  per  cent  of  the  temporary  effect 
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Cobalt. 

In  the  Philosophical  Magazine  for  September,  1881, 1  said, 
"io  thin  strips  of  the  metal  [cobalt]  being  at  hand,  a  slice  was 
irn  from  a  small  block  of  moderately  pare  cast  cobalt  and 
)rked  into  the  form  of  a  cross.  To  the  extremity  of  each 
in  of  this  cross  was  soldered  a  tbin  strip  of  copper  .  •  .  .  for 
a  purpose  of  making  the  electrical  connections.  The  cross  of 
bait  with  the  copper  strips  attached  was  now  fastened  with 
id  cement  [beeswax  and  rosin]  to  a  strip  of  glass,*'  etc.  It 
IS  the  same  piece  of  cobalt,  reduced  now  with  lie  and  emer^ 
per  to  a  thickness  of  about  '0062  cm.,  that  served  daring  this 
w  series  of  experiments.  The  central  portion  of  the  cross 
IS  about  2  mm.  square,  and  the  arms,  aoout  8  mm.  long  and 
mm.  wide,  projected  from  it  at  right  angle& 
The  main  object  of  the  recent  test  was  to  determine  the 
ect  produced  in  cobalt  by  change  of  temperature.  It  is 
lomed  that  the  intensity  of  the  magnetic  fiela  remained  con- 
int  during  these  experiments.  It  is  possible,  however,  that  it 
minished  one  or  two  per  cent  during  the  series.  The  error 
troduoed  in  this  way  is  of  slight  consequence  for  the  present 
arpoee.  Again,  the  direct  effect  of  the  electromagnet  in  dis- 
irbing  the  needle  of  the  Thomson  galvanometer  was  n^lected, 
)gether  with  certain  other  particulars  which  may  have  intro- 
Qoed  a  constant  error  of  several  per  cent  into  the  values 
btained  for  the  rotatory  power. 

kofEzp.  Date.  Temp.  M.  C.  R.P. 

1.  Dec.  22, '83.      3*  3463  1261      +2092X10"** 

3.  "  1-3*  "  -1243      +20*51 


2' 

20V6 

2. 

C( 

18° 

C( 

-1238 

+  2441 

1 

({ 

{( 

(( 

'1244 

+  2390 

18°  2416 

Decreaae  of  B.  P.  for  fall  of  1*  0.  is  approximately  ^  per  oent 

Bismuth. 

I  can  only  confirm  what  Prof.  Bighi*  has  already  published 
Onceming  the  rotational  effect  in  this  metal.  The  rotational 
ower  appeared  to  be  about  260  times  as  great  numerically  as 
hat  of  tempered  steel  and  of  the  opposite  sign. 

The  slice  of  bismuth  used  was  obtained,  shaped  and  mounted 
n  much  the  same  manner  as  the  slice  of  cobalt  already  de- 
icribed.  The  length  and  breadth  of  the  bismuth  cross  were 
xxnewbat  greater  than  the  corresponding  dimensions  of  the 
cobalt  and  the  thickness  was  about  1  mm. 

*  Aoc  dei  Linoei  Transimti,  June,  1883. 
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It  seems  pi*obnble  that  a  thin  slice  of  bismuth,  properly  pre- 
pared and  mounted,  will  come  to  be  a  valuable  instrument  for 
measuring  the  intensity  of  strong  magnetic  fields. 

Antimont, 

The  powerful  effect  observed  in  bismuth  suggested  an  exam- 
ination of  antimony.  A  slice  of  this  metal  much  like  the  slice 
of  bismuth  just  mentioned  was  prepared.  The  cross  suffered 
in  shape  a  good  deal  in  making  the  adjustment.  The  final 
average  thickness  in  the  central  portion  was  estimated  at 
1*2  mm. 

Date.  T^mp.  M.               C.                   R.P. 

1«84,  July  26th,  21-8*'  1696  -1150  +114100X10-" 

Aug.  8th,  21-1**  1638  -1104  +117300X   .  .  . 

Aug.  8tlv  8**  1638  -1104  +123900X   .  .  . 

The  two  trials  of  August  8th  were  not  entirelv  independent 
of  each  other,  as  only  one  test  of  the  intensity  of  the  magnetic 
field  and  of  the  sensitiveness  of  the  Thomson  galvanometer  was 
made  during  the  two  trials  of  that  date.  The  results  as  tbej 
stand  indicate  an  increase  of  the  rotational  power  with  fall  of 
temperature,  but  the  experiments  were  too  hasty  to  justify  a 
conclusion  upon  the  matter. 

Several  experiments  have  resulted  from  the  criticisms  or 
suggestions  oi  other  investigators. 

Mr.  Bidwell's  Theory. 

This  has  been  so  recently  and  so  widely  published  that  it  is 
hardly  necessary  for  me  to  state  it  in  detail. 

In  Science  (March  28th,  1884),  I  replied  very  briefly  to  Mr. 
Bidwell's  first  paper,  stating  that  I  found  the  transverse  current 
in  a  strip  of  soft  steel  to  be  in  the  same  direction  when  the 
strip  was  fasteneil  to  the  supporting  plate  by  a  clamp  across  the 
middle  of  the  strip  only,  as  when  it  was  fastened  by  means  of 
clamps  at  its  ends  only. 

Mr.  Bidwell  has  in  his  second  paper  (Phil.  Mag.,  April, 
1884),  described  an  experiment  which  he  appears  to  consider 
conclusive  against  the  previously  accepted  view  of  the  "  rota- 
tional effect**  In  brief  he  obtains  what  he  calls  a  **  reversal  " 
of  the  transverse  effect  in  gold,  using  a  strip  of  that  metal  hav- 
ing two  narrow  longitudinal  sliis  lyin^  on  the  same  straight 
line  and  nearly  meeting  in  the  center  of  the  strip. 

I  shall  not  undertake  here  an  extended  discussion  of  thii 
interesting  experiment  of  Mr.  Bidwell.  My  view  of  the  mat- 
ter is  in  substance  aa  follows : 


€f  cm  Electric  Chirrent  hy  Magnetic  Action.         181 

Let  { iu  fig.  8  represent  an  eqaipotential  line  in  a  strip  of 
metal  through  which  an  electric  current  is  flowing,  the  metal 
being  in  a  normal  condition. 

In  6g.  4,  I  represents  the  corresponding  equipotential  line 
when  the  metal  strip  is  acted  upon  by  a  powerful  magnetic 
{orce  in  a  direction  perpendicular  to  the  plane  of  the  paper. 

If  now  a  and  b  be  connected  by  means  of  a  wire,  a  current 
will  flow  from  a  to  6  through  the  wire.  If  a'  and  V  be  con- 
nected in  the  same  way,  a  weaker  current  will  flow  from  a'  XoV 
tkioogh  the  wire. 
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Fig.  5  represents  a  metal  strip  having  along  its  middle  a  slit 
longer  than  the  diameter  of  the  magnetic  poles  between  which 
the  slit  is  placed,  I  and  I  being  corresponding  equipotential 
lines  when  the  strip  is  in  its  normal  unstressed  condition. 

Let  a  magnetic  force  act  as  before.  Each  of  the  lines  /,  I  in 
fig.  5  is  rotated  about  its  center  through  the  same  angle  as  I  in 
figs.  3  and  4.     The  result  is  shown  in  fig.  6. 

If  now  a  and  b  be  connected  by  means  of  a  wire  a  current 
will  flow  from  a  to  6  through  the  wire.  If  a'  and  V  be  con- 
nected in  same  way  a  current  will  flow  from  V  to  a'  through 
ihe  wire. 

To  get  Mr.  BidwelTs  case,  imagine  a  narrow  bridge  of  metal 
to  be  left  crossing  the  slit  between  a'  and  V.  Such  a  bridge 
woald  serve  as  a  shunt  to  the  wire  which  we  have  imagined 
connecting  a'  and  V  but  would  not  reverse  the  relative  poten- 
tials of  these  two  points.  The  lines  /,  /,  as  Sir  Wm.  Thomson 
pointed  out  at  the  Philadelphia  meeting,  would  now  take  a 
form  something  like  that  shown  in  fig.  7. 

As  the  bridge  across  the  slit  becomes  wider  such  lines  as  / 
will  become  more  nearly  straight  till  finally  the  condition  of 
things  represented  in  fig.  4  will  be  practically  reproduced.  On 
the  other  hand  if  the  slit  in  fig.  5,  were  short  compared  with 
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the  width  of  the  poles  of  the  magnet,  a  reversed  saoh  as 
Bidwell  detected  should  not  occar. 

Mr.  Tomlinson's  Sugobstiok. 

In  the  PhUosophical  Magazine  for  May,  1884,  Mr.  Tomli 
stated  that  certain  relations  which  he  had  discovered  indie 
that  the  rotational  effect  in  nickel  should  be  greater  at 
than  at  bigh  temperatures.  He  therefore  called  in  qaestioi 
conclusion  to  the  contrary  which  I  had  drawn  from  ce: 
hasty  and  very  rough  experiments  made  before  the  use  of 
water  tank  gave  me  the  means  of  easily  controlling  the  ten 
ature  of  the  metal  under  examination.  I  have,  there 
recently  taken  up  the  matter  again.  I  used  the  same  pie 
nickel  with  whicn  the  former  test  was  made  (Phil.  Mag.,  S 
1881,  p.  168),  but  the  strip  was  now  so  much  damaged  v 
being  fastened  upon  glass  that  it  was  necessary  to  cut  its  w 
down  a  good  deal  in  order  to  obtain  the  '*arms  "  for  the 
connections.     The  following  table  shows  the  results  obtain< 


No.  of  exp. 

Date. 

Temp. 

M. 

C. 

R.P. 

1 

July  28, 

*84.  22*^ 

1717 

•03074 

14940X 

2 

(( 

4-9° 

1703 

•03136 

13760 

8 

"   29, 

20-6° 

1652 

•03140 

14710 

4 

"   30, 

2-2* 

1636 

•03128 

12810 

5 

a       a 

21-2° 

1629 

•03121 

15060 

6 

Aug.  1, 

2-8** 

1671 

•03137 

13180 

7 

"   4, 

26-1** 

1691 

•03140 

15110 

8 

(C      (( 

4-1° 

1627 

•03112 

13220 

Combining  the  1st,  8d,  5th  and  7th,  we  have 

Temp.  R.P. 

22-5°  14960X10-" 

From  the  2d,  4th,  6th  and  8th  we  have 

3-5«  13240X10-'* 

Decrease  for  1^  fall  of  temperature  =  approximately  .( 
cent. 

It  will  be  noticed  that  the  results  obtained  at  low  tern] 
tures  do  not  accord  so. well  as  those  at  high  temperat 
This  fact  is  in  all  probability  due  to  the  difficultv  experie 
in  preventing  slight  fluctuations  of  temperature  while  thecc 
water  was  flowing  through  the  tank.  Irregularity  in  the 
of  this  water  causes  disturbing  thermo-electric  currents. 

The  quantity  called  R.  P.  in  this  paper  corresponds  U 

E' 

~  of  my  1881  paper  divided  by  the  F  of  that  paper.     Cal 

ting  the  B.  P.  of  nickel  from  the  188  experiments  I  find 
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x)ut  12700X10-'*,  for  a  field  of  intensity  1660.  In  looking 
It  for  an  explanation  of  this  disagreement  I  Found  that  the 
mess  of  the  strip  had  been  called  '00104  cm.  in  1881,  and 
2  cm.  in  the  later  experiments.  The  former  estimate  was 
ined  by  weight,  the  latter  by  measurement  with  calipers, 
difference  accounts  well  enough  for  the  different  values 
ined  for  the  B.  P.  Which  estimate  of  the  thickness  is  the 
e  reliable  I  w.ill  not  undertake  to  decide. 

Summary. 

10"  X  R.P.  At  20'C. 

Copper —520 

Zinc A. +820 

bur  alloys  of  copper  and  zinc  were  tested.  If  a  series  be 
le  beginning  with  zinc  and  ending  with  copper,  the  four 
ys  being  ranged  between  according  to  composition,  the 
68  thus  formeu  will  be  the  same  as  that  obtained  by  ranging 
3e  metals  and  alloys  according  to  the  algebraic  magnitude 
their  R  P's.  In  the  alloys,  however,  the  B.  P's,  are  alge- 
ically  somewhat  nearer  that  of  copper  than  might  be  ex- 
ited from  the  composition. 

Iron    +  7850 

i  P.  nearly  constant  through  wide  range  of  magnetic  inten- 
r  bat  apparently  decreasing  slightly  at  nigh  intensities. 
%  ascertained  permanent  effect. 

Steel,  «(>/^ +  12060 

Permanent  effect  about  5  per  cent  of  temporary  effect. 

^iQe\  temperedy +33000 

Permanent  effect  about  1^  per  cent  of  temporary  effect. 

Gold  (no  new  test  of  magnitude  of  R.  P.)  ..   —660 

*^o  ascertained  permanent  effect. 

Cobalt +2460 

Nickel —14740 

Bismuth    —8580000 

Antimony +114000 

i  fall  of  1°  C.  in  temperature  causes 

in  the  R.P.  of  Iron,  a  fall  of  ^  per  cent  approx. 

Steel,  soft,  "        \  '' 

Steel,  temp'd,        "        \  " 

Cobalt,  "        1  " 

Nickel,  "        f  " 

Non-magnetic  metals,  apparently  a  small 
increase. 

u  JouB.  Sol^Thikd  Seribs,  Yol.  XXIX,  No.  170.— Feb.,  1886. 
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Appendix. 

At  the  Philadelphia  meeting  of  the  American  Association 
3tated  that  I  had  compared  the  behavior  of  a  strip  of  soft  stee 
cemented  to  a  plate  of  glass  with  that  of  a  similar  strip  fastene< 
to  a  plate  by  means  of  a  clamp.  In  preparing  the  matter  fo 
publication,  however,  I  found  that  the  test  haa  not  been  madi 
so  carefully  as  was  desirable,  and  I  have  therefore  just  repeatec 
the  experiment  with  the  assistance  of  Mr.  W.*  A.  Stone,  of  th( 
Harvard  class  of  1886. 

I  shall  call  the  cemented  strip  A.  It  has  been  already  men 
tioned  as  No.  1  in  the  preceding  article.  The  clamped  strip  1 
shall  call  B.  Both  strips  were  cut  from  the  same  sheet  of  sofi 
steel.  Each  is  about  \'V^  wide  and  3"2°°  long  between  th( 
terminals  of  brass.  A  is  about  011°^  thick  and  possibly  a  few 
per  cent  thicker  than  B.  A  suffered  rather  more  than  B  \i 
the  process  of  adjustment  (fig.  1). 

A  was  not  only  fastened  to  its  plate  with  the  cement  of  bees 
wax  and  resin,  but  was  imbedded  in  the  cement,  the  lattei 
covering  it  with  a  layer  probably  a  millimeter  or  more  ii 
thickness*  The  plate  was  not  placed  in  water  for  this  teat 
The  bearing  of  the  clamp  which  fastened  B  to  its  plate  wa^ 
of  wood,  possibly  a  millimeter  wide,  and  extended  nearly  froir 
arm  to  arm  of  the  strip.  To  prevent  any  very  great  bendiof 
each  end  of  the  strip  was  loosely  tied  to  the  plate  with  a  piec( 
of  twine.  Otherwise  the  strip  was  free  and  was  exposed  to  th( 
air. 

The  measurements  recorded  below  were  made  between  fiv< 
and  six  o'clock,  January  17th.  There  was  an  interval  of  om 
minute  between  successive  readings  of  the  Thomson  galvanc 
meter.  No  measurement  of  the  intensity  of  the  magnetic  fieh 
was  made.  It  is  assumed  that  this  intensity  during  the  od 
trial  of  A,  which  was  made  between  the  two  trials  of  B,  wa 
equal  to  the  mean  intensity  during  these  two  trials. 

The  signs  +  and  —  refer  to  the  direction  of  magnetizaiior 
R  and  L  to  direction  from  the  zero  point  of  the  Thomson  gal 
vanometer  scale.  The  zero  position  of  the  index  in  thes 
experiments  was  a  considerable  distance  to  the  right  of  tb 
zero  of  the  scale.  The  tangent  galvanometer  measured  th 
direct  current  through  the  strip. 


Thomson  Gal  v. 

Tangent  Galy. 

74-0* 

+ 

— 

73-9 

53  R 

0 
3 

73-7 

Strip  B.  62  " 

R 

73*7 

51  " 

u 

XV 

73-6 

52      - 

1-5 

= 

50-5 

73-8,  Un.  =  3-44 
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74-8 
48  R  J  74-7 

Strip  A.  JJ  ,.         6-6  -  ;J.J 


4.3     +     7-2  =  60-2  74-7^  tan.  =  3-66 

73-7'* 
73-6 
64-5  R        ,.^^  73-6 

«•  •     u    53-0  **  !  "  ?;  73-4 


53-3      -      7-2  =  46*1  73-5,  tan.  =  3-38 

From  2d  we  have 

A.         50-2-J.3-66  =  13-7 

From  1st  and  3d, 

60-6  +  46-1  3-444-3-38 

B. ^ ^  T  =    14-2 

Of  coarse  absolute  agreement  in  so  rough  a  test  was  not  to 
be  expected.  The  difference  of  about  8  per  cent  here  observed 
might  easily  be  accounted  for.  I  think  Mr.  Bidwell  will 
admit  that  his  theory  would  have  predicted  a  different  result 
of  the  comparison. 

Cambridge,  January  19,  1885. 


Art.  XX. — On  Uie  use  of  the  term  Esker  or  Kdm  Drift;  by 

J.  Henry  Kinahan. 

From  the  papers  read  at  the  British  Association  Meeting  at 
Montreal  it  is  evident  that  the  American  geologists  classify, 
Qnder  the  names  of  Eskers  and  Kams,  gravels  that  are  not  so 
classified  in  Ireland. 

These  two  words  are  Celtic.  CSm,  K&m  or  Kame,  should  be 
pronounced  short  Kame,  the  lowland  Scotch  and  English  pro- 
nunciation, is  incorrect.  Curiously  the  English  river  CSm  is 
pronounced  right;  while  the  town  on  it,  usually,  although  not 
always,  is  pro r)Ou need  wrong,  Cambridge. 

Cam  or  Kam  means  crooked  or  winding.  In  Ireland  and  Eng- 
land this  name  is  generally  used  in  reference  to  a  winding 
^ver;  but  in  the  former  it  is  also  sometimes  used  in  reference 
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to  winding  ridges,  or  a  winding  or  wrinkled  structure;  thos 
ophiolyte  is  called  serpentine  in  English  on  account  of  its 
structure  but  in  Irelana  it  is  ^^CSmstone."  This  latter  name 
for  serpentine  is  now  nearly  obsolete,  except  in  parts  of  Ulster, 
where  an  impure  stentjte  with  a  wrinkled  structure  is  still 
called  Camstone, 

Kiscir,  pronounced  Esker,  is  a  well  defined  but  small  ridge. 
A  nearly  continuous  ridge  of  gravel — Kams — extends  from 
Dublin  to  Galway,  dividing  Ireland  into  two  nearly  equal  por- 
tions. This  ridge,  when  Ireland,  in  the  early  historic  period, 
was  divided  into  two  kingdoms,  was  taken  as  the  divisioDal 
line  ;  and  hence  the  term  Esker  has  generally  been  used  in  that 
country  in  place  of  KSm,  to  designate  the  winding  or  crooked 
ridges  of  gravels,  which  in  Scotland  still  retain  commonly  the 
more  correct  name  of  KSm.  Although  in  America  the  pronun- 
ciation Ki^m  seems  some  way  to  have  become  general,  yet,  afl 
far  as  my  experience  in  Scotland  goes,  the  word  is  generally 
pronounced  ESm. 

True  Esker  or  Kam  drift  comprises  more  or  less  winding  or 
crooked  ridges  and  irregular  hills  of  sands  and  gravels,  due  to 
the  current  and  eddies  generated  by  the  meeting  or  colliding  of 
two  or  more  currents  in  a  mass  of  water,  such  as  that  of  a  sea 
or  large  lake.  Wind-driftage  may  also  aid  in  forming  esker 
sands,  as  for  instance  the  long  irregular  ridges  and  hills  consti- 
tuting in  many  places  the  dividing  ridge  between  a  lagoon  and 
a  sea,  where  there  is  a  rise  and  fall  of  tide :  that  is,  a  collidiog  of 
two  or  more  currents; — in  a  tideless  sea  the  enclosing  materials 
of  the  lagoons  are  of  a  quite  different  nature  from  Esker  or  Kim 
drift.  In  the  dividing  bars  between  a  tidal  sea  and  a  lagoon 
the  combination  of  the  water  and  wind  drifts  are  very  interest- 
ing; high  tides  accumulating  layers  of  gravel  (fine  or  coarse) 
to  be  covered  up  by  layers  of  fine  sand  due  to  the  winddrifta^ 

The  normal  esker  drift-ridges  that  are  solely  due  to  the  collid- 
ing of  currents  in  a  mass  of  water,  or  those  combined  with  wind- 
driftage,  have  a  peculiar  character  of  their  own  and  should  not 
be  again  confounded,  as  they  were  formerly,  with  other  gravel 
and  sand  hills,  such  as  the  subaerial  gravels  on  hill  slopes,  due 

t)roi)ably  to  the  water  given  off  from  a  n^v^  or  mass  of  ice  on  ft 
lill,  during  the  summer ;   or  the  long  regular  ridges  in  valleys, 
due  to  excessive  or  sudden  flooda 

There  are,  both  in  the  United  States  and  the  adjoining  Can*' 
dian  prairies,  lidges  of  drift  somewhat  like  the  Irish  Eskers,  ba* 
at  the  same  time  totally  diflerent  from  them.  What  they  are  da^ 
to  would  be  Dresumptuous  in  me  to  say,  but  they  seem  to  b^ 
adjuncts  of  the  great  glacial  moraines,  because,  as  far  as  I  W3^ 
able  to  study  them,  they  appear  to  be  in  connection  with  tb^ 
breasts  or  marginal  faces  of  such  accumulations ;  as  if  for  sou^^ 
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wison,  to  me  unknown,  there  were  at  tiroes  '^  flashes/*  or  areas 
if  shallow  water,  accumulated  margining  the  faces,  portions  of 
vhich  were  still  water,  while  in  other  portions  there  were  cur- 
nmts ;  or  it  might  have  been  a  mass  of  snow  margining  a  narrow 
lash  of  flowing  water.  This  latter  suggestion  is  put  forward 
Ml  account  of  what  can  be  seen,  but  on  a  very  small  scale,  in 
KNToe  of  the  Irish  mountains,  but  more  largely  in  some  of  the 
talleys  of  the  Canadian  Bockies.  If  such'  is  their  origin  they  may 
be  oonsidered  in  part  allied  to  true  eskers. 

The  above  notes  are  written  because  it  appears  that  American 
observers  are  unwittingly  confounding  the  true  Esker  drift  with 
Ibe others  which  are  more  or  less  similar;  and  as  the  writer 
vts  the  first,  or  one  of  the  first,  who  pointed  out  the  very 
JUTerent,  but  in  some   cases,  rather  similar  drifts,  that  were 

yiadually  being  included  under  the  terms.  As  or  Osar,  Esker, 
OuD,  Kam,  Kaim,  Kame,  all  of  which  are  names  for  the  one 
and  the  same  class  of  drift,  he  may  perhaps  be  excused  for 
dnwing  attention  to  the  subject. 

Esker  or  KSm  drift  par  excellence  occurs  in  narrow,  well  de- 
bed,  winding  ridges,  on  a  more  or  less  level  tract  or  area,  and 
k  such  an  area  they  are  all  on  or  at  about  one  altitude, 
RKh  as  we  might  expect  to  find  near  the  margin  of  a  sea  or 
large  lake  ;  while  ridges  of  gravel  running  down  a  steep  slope 
IT  the  slope  of  a  valley  must  necessarily  have  quite  different 
mgins.  Up  in  valleys  near  their  terminations,  or  in  tributary 
ralleys,  there  are  other  ridges  that  are  very  nearly  allied  to 
Bskers,  they  having  originally  been  the  marginal  barriers  of  a 
bgoon  ;  but  if  you  take  the  outward  appearance  of  true  Eskers, 
Dombined  with  their  peculiar  internal  structure,  there  is  nearly 
invariably  a  marked  difference  between  them  and  any  other 
navel  accumulations.  The  writer  of  this  has  very  fully  gone 
into  the  subject  of  the  Irish  Eskers  in  a  paper  on  ^*  The  Eskers 
of  the  Central  Plain  of  Ireland,"  Dublin  Geol.  Soc,  vol.  x,  or 
tbe  Dublin  Quarterly  Journal  of  Science,  vol.  iv,  and  in  the 
Geology  of  Ireland,  Chap,  xv,  page  251,  etc. 

Bsmdton,  Co.  Donegal,  Dec.  10,  1884. 


138  J.  OroU— Cause  of  MUd  Polwr  CUnuOu. 


Art.  XXI. —  On  the  Cause  of  Mild  Polar  CUmaies;  by 

James  Croll,  LL.D.,  F.R.S. 

[Continued  ^m  page  29.] 

Inflijiences  of  Eccentricity  during  the  Tertiary  Period — Thisb 
ing  the  state  of  things  on  the  southern  hemisphere,  the  glaci 
condition  of  the  hemisphere,  when  its  winter  solstice  was 
aphelion,  would  tend  in  a  powerful  manner  to  impel  the  war 
water  of  the  south  over  on  the  northern  hemisphere,  and  th 
raise  its  temperature.  This,  again,  is  a  view  which  has  al 
been  urged  oy  Mr.  Wallace.  "Though  high  eccentrici 
would,"  he  remarks,  "not  directly  modify  the  mild  climat 
produced  by  the  state  of  the  northern  hemisphere  which  pr 
vailed  during  Cretaceous,  Eocene,  and  Miocene  times,* 
might  indirectly  aft'ect  it  by  increasing  the  mass  of  antarct 
ice,  and  thus  increasing  the  force  of  the  trade-winds  and  tl 

resulting  northward-flowing  warm  currents And  as  \ 

have  seen  that  during  the  last  three  million  years  the  ecce 
tricity  has  been  almost  always  much  higher  than  it  is  now,  v 
should  expect  that  the  quantity  of  ice  in  the  southern  hen 
sphere  will  usually  have  oeen  greater,  and  will  thus  have  te 
ded  to  increase  the  force  of  those  oceanic  currents  which  pr 
duce  the  mild  climates  of  the  northern  hemisphere"  (p.  19i\ 

There  is  little  doubt  but  that  the  climate  of  the  Tertiai 

Seriod  was  greatly  affected  by  eccentricity  ;  but,  owing  to  tl 
ifference  in  the  geographical  conditions  of  the  two  heoi 
spheres,  eccentricity  would  exercise  a  much  greater  infloeDi 
on  the  climatic  condition  of  the  northern  hemisphere  wbc 
the  northern  winter  solstice  was  in  perihelion  than  it  would  c 
when  it  was  in  aphelion.  Owing  to  the  difference  in  the  QOi 
ditions  of  the  two  hemispheres,  the  physical  agents  brougl 
into  operation  by  a  high  state  of  eccentricity  would  act  mo: 
powerfully  in  impelling  the  equatorial  waters  toward  the  ar 
tic  regions  when  the  winter  solstice  was  in  perihelion  than  tb( 
would  do  in  impelling  the  waters  toward  the  antarctic  regioi 
when  the  solstice  was  in  aphelion.  In  this  case  the  northe 
hemisphere  would  be  heated  to  a  greater  extent  when  its  wint 
solstice  was  in  perihelion  than  it  would  be  cooled  when  tl 
solstice  was  in  aphelion.  It  is  this  circumstance  which, 
think,  has  misled  geologists,  and  induced  them  to  concla* 
that  because  the  physical  agents  brought  into  operation  wh 
the  winter  solstice  was  in  aphelion,  during  a  high  state  of  ( 
centricity,   failed   to  produce  a  well-marked  glacial  epoch 

♦  High  eccentricity  might  not  directly  modify  the  mild  climates,  but  certti 
the  physical  agents  brought  into  operation  by  the  high  eccentricity  would  do  fi 
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Tertiary  times,  that  consequently  the  climatic  condition  of  that 
period  was  not  much  affected  by  eccentricity. 

It  would  seem  to  be  owing  to  that  peculiar  difference  between 
the  conditions  of  the  two  hemispheres  that,  even  during  high 
eccentricity,  the  physical  agents  in  operation  when  the  winter 
solstice  was  in  aphelion  were  unable  to  lower  the  temperature 
of  the  northern  hemisphere  to  the  extent  sufficient  to  cover  high 
temperate  and  arctic  regions  with  permanent  ice ;  but  for  this 
very  same  reason  these  agents  would  be  ena\)led  to  raise  the 
temperature  to  an  extent  exceptionally  high  when  the  winter  sol- 
stice was  in  perihelion.  In  other  words,  this  very  combination 
of  circumstances,  which  so  much  modified  the  severity  of  what 
may  be  called  the  Tertiary  cold  periods,  intensified  to  an 
exceptionally  great  extent  the  warmtn  and  equability  of  what 
may  be  called  the  Tertiary  warm  periods. 

ClimaU  of  Hit  Tertiary  Period^  in  so  far  as  affected  by  the  Eccen- 
Heity. — If  the  foregoing  conclusions  are  correct,  the  following 
would  then  seem  to  be  the  probable  character  of  the  climate 
of  the  Tertiary  period,  in  so  far  as  that  climate  was  affected  by 
eccentricity.  As  is  truly  remarked  by  Mr.  Wallace,  the  eccen- 
tricity during  the  past  three  million  years  has  been  almost 
always  much  higher  than  it  is  now.  It  will  consequently  follow 
thai  very  considerable  portions  of  the  Tertiary  age  would  consist 
of  alternate  comparatively  cold  and  exceedingly  warm  and 
equable  periods.  These  may  be  said  to  correspond  to  the  cold 
and  warm  periods  of  the  glacial  epoch;  but,  of  course,  they 
could  in  no  sense  be  called  glacial  and  interglacial  periods  ;  for 
the  cold  of  the  cold  periods  would  not  be  such  as  to  produce 
permanent  ice,  while  the  heat  and  equability  of  the  warm  peri- 
ods would  far  exceed  that  of  the  interglacial  periods. 

Evidence  of  such  Alternations  of  Climate, — That  such  oscillations 
occurred  during  the  Tertiary  period  seems  to  be  borne  out  by 
the  facts  of  geology  and  palaeontology.  Mr.  J.  Starkie  Gardner, 
a  geologist  who  has  had  great  experience  in  the  fossil  flora  of 
the  Tertiary  deposits,  says  that  such  alternating  warmer  and 
colder  conditions  is  supported  by  strong  negative  and  some 
positive  evidence,  found  not  only  in  English  Eocene,  but  in  all 
Tertiary  beds  throughout  the  world.  In  the  Lower  Bagshot 
of  Hampshire  have  been  found,  he  states,  feather-  and  fan-palms, 
Ihyaudra,  beech,  maple.  Azalea,  laurel,  elm,  acacia,  aroids, 
cartas,  ferns,  conifers,  Stenocarpus,  and  plants  of  the  pea  tribe, 
together  with  many  others.  The  question  which  presents  itself 
to  one's  mind,  he  remarks,  is,  how  is  it  possible  that  the  tropi- 
cal forms,  such  as  the  palms,  aroids,  cactus,  etc.,  could  have 
grown  alongside  of  the  apparently  temperate  forms,  such  as  the 
oak,  elm,  beech,  and  others?  Mr.  Gardiner's  explanation  is  as 
follows : — 
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"Astronomers,  having  calculated  the  path  of  the  revolution  of 
the  earth  in  ages  past,  tell  us  that  in  recurring  periods  each  bemi- 
sphere,  northern  and  southern,  has  been  successively  subject  to 
repeated  cyclical  changes  in  temperature.  There  have  been  for 
the  area  which  is  now  England  many  alternations  of  long  periods 
of  heat  and  cold.  Whenever  the  area  became  warmer,  the  desoo^ 
dants  of  semitropical  forms  would  gradually  creep  farther  and  far 
ther  north,  whilst  the  descendants  of  cold-loving  plants  would 
retreat  from  the  advancing  temperature,  vice  versd.  Whenever 
the  area  became' gradually  colder,  the  heat-loving  plants  would, 
from  one  generation  to  another,  retreat  farther  and  farther  south, 
whilst  the  cold-loving  plants  would  return  to  the  area  from  which 
their  ancestors  had  been  driven  out.  In  each  case  there  woald 
be  some  lingering  remnants  of  the  retreating  vegetation  (though 
perhaps  existing  with  diminished  vigor)  growing  alongside  of  toe 
earliest  arrivals  of  the  incoming  vegetation. 

Such  is  a  possible  explanation  of  our  finding  these  plant-reiiiaiDS 
commingled  together.  It  must  be  borne  in  mind  that  it  is  not  bo 
much  the  mean  temperature  of  a  whole  year  which  affects  the  pos- 
sibility of  plants  growing  in  any  locality,  as  the  fact  of  what  are 
the  extremes  of  summer  and  winter  temperature."* 

This  is  precisely  the  explanation  given  by  the  commingling 
of  subtropical  and  arctic  floras  and  faunas  of  deposits  belonging 
to  the  Glacial  epoch.  The  causation  in  the  two  cases  was  in 
fact  the  same  in  principle,  differing  only  in  the  .conditions  un- 
der which  it  operated.  In  the  case  of  the  Glacial  epoch  the 
cold  periods  were  intensely  severe  and  the  warm  periods  but 
moderately  hot;  whereas  in  regard  to  the  Tertiary  cold  periods 
they  were  but  moderately  cool,  and  the  warm  periods  exceed- 
ingly hot. 

Mr.  Wallace,  who  refers  to  Mr.  Gardner's  views  approvingly, 
says : — "  In  the  case  of  marine  faunas  it  is  more  difficult  to 
judge,  but  the  numerous  changes  in  the  fossil  remains  from  bed 
to  bed,  only  a  few  feet  and  sometimes  a  few  inches  apart,  may 
be  sometimes  due  to  change  of  climate  ;  and  when  it  is  recog- 
nized  that  such  changes  have   probably  occurred  at  all  geo- 
logical epochs,  and  their  effects  are  systematically  searched  for, 
many  peculiarities  in  the  distribution  of  organisms  through  the 
diflferent  members  of  one  deposit  may  be  traced  to  this  cause.'*t 

To  prevent  having  thus  to  admit  the  existence  of  alternate 
warmer  and  colder  periods  during  Tertiary  times,  Mr.  Searle^ 
V.  Wood,  Jan.,  proposed  another  theory,  which,  stated  in  hi^ 
own  words,  is  the  following: — 

"The  remains  upon  which  the  determination  of  this  flora  bav^ 
been  based  are  drifted,  and  not  those  of  a  bed  in  situ  like  the  coB"^ 
seams,  and  the  whole  of  the  Hampshire  Eocene  is  connected  wit^l' 

•  Ideological  Magazine,  1877,  p.  25.  f  Island  Life,  p.  197. 
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be  delta  of  a  great  river  which  persisted  throughout  the  aocnmula- 
ion  of  the  various  beds,  which  aggregate  to  upwards  of  2000  feet 
D  thickness.  This  river  evidently  flowed  from  the  west  through 
>  district  of  which  the  low  ground  had  a  tropical  climate ;  but  like 
ome  tropical  rivers  of  the  present  day,  such  as  the  Brahmaputra, 
he  Megna,  the  Ganges,  etc.,  it  was  probably  fed  by  tributaries 
lowing  from  a  mountain-region  supporting  zones  of  vegetation  of 
dl  kinds  from  the  tropical  to  the  Arctic,  if  during  the  Eocene 
)eriod  vegetation  such  as  the  present  Arctic  had  come  into  exis- 
lenoe,  of  which  we  have  as  yet  no  evidence.  Torrential  floods 
nay  have  swept  the  remains  of  vegetation  from  the  temperate 
Eones  of  this  region  into  tributaries  that  conveyed  it  into  the  main 
iver  before  it  was  decayed  or  water-logged,  where  it  became 
Intermingled  with  the  remains  of  vegetation  which  grew  in  the 
tropical  Tow  ground  skirting  the  main  stream,  so  that  both  sank 
together  into  the  same  mud  and  silt.''* 

The  elevated  mountain  regions  from  which  he  supposes  these 
temparate  forms  were  deriv^  he  thinks  might  have  been  Mull, 
400  miles  N.N.W.,  and  Wales  200  miles  N.W.  Mr.  Gardner, 
however,  showed  most  conclusively  that  Mr.  Wood's  theory 
was  based  on  imperfect  acquaintance  with  the  conditions  of  the 
problem.     The  following  is  Mr.  Gardner's  reply  : — 

"The  leaves  have  never  been  drifted  from  afar;  they  are  often 
still  adhering  to  the  twigs.  The  leaves  are  flat  and  perfect,  rarely 
even  rolled  and  crumpled,  as  dry  leaves  may  be,  if  falling  on  a 
muddy  surface ;  still  more  rarely  have  they  fallen  edgeways  and 
been  imbedded  vertically.  They  are,  moreover,  not  variously 
mixed,  as  they  should  be  if  they  had  been  carried  for  any  distance, 
bat  are  found  m  local  groups  of  species.  For  example,  all  the  leaves 
of  Castanea  have  been  found  in  one  clay  patch,  with  Iriartea  and 
(^kkhefiia ;  none  of  these  have  been  found  elsewhere.  A  trilobed 
leaf  is  peculiar  to  Studland  ;  the  Alum  Bay  AraliUj  the  peculiar 
form  of  Ptoteaceoe^  the  great  Flcus^  and  other  leaves  occur  at  Alum 
Bay  only.  Each  little  patch  at  Bournemouth  is  characterized  by 
its  own  peculiar  leaves.  Such  a  distribution  can  result  only  from 
the  proximity  of  the  trees  from  which  the  leaves  have  fallen.  The 
forais  of  most  temperate  asepct  are  best  preserved,  so  that  to  be 
logically  applied,  the  Drift  theory  requires  the  palms,  etc.,  to  have 
been  drifted  upwards.  To  suppose  that  most  delicate  leaves 
Could  have  been  brought  by  torrents  400  miles  from  Mull  or  iiOO 
miles  from  Wales,  and  spread  out  horizontally  in  thousands,  with- 
out crease  or  crumple,  on  the  coast  of  Hampshire,  may  be  a  feasi- 
ble theor}-  to  Mr.  Searles  V.  Wood,  Jr.,  but  will  not  recommend 
itself  to  the  majority  of  thinkers."  \ 

Were  there  Olacial  Epochs  during  tiie  Tertiary  Age  ? — Many 
geologists,  especiully    amongst  those  who  are  opposed  to  the 

*  Geological  Magazine,  1877,  p.  96.      f  Geological  Magaziue,  1877,  p.  138. 
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theory  of  recurring  glacial  epochs,  answer  this  question  em- 
phatically in  the  negative.  This  belief  as  to  the  non-existence 
of  glacial  conditions  during  the  Tertiary  period  is,  of  course, 
based  wholly  on  negative  evidence;  and  this  negative  evidence 
though  strong  is  by  no  means  perfectly  conclusive,  and  cer- 
tainly not  worthy  of  the  weight  which  has  been  placed  upon  it 
In  Chap,  xvii  of  '  Climate  and  Time,*  I  have  endeavored  to 
show  that  although  much  has  been  written  on  the  imperfection 
of  geological  records,  yet  the  imperfection  of  those  records  in 
regard  to  the  past  glacial  epochs  has  not  received  the  attention 
which  it  really  deservea 

It  must  be  borne  in  mind,  however,  that  it  does  not  follow 
from  the  Physical  Theory  of  Secular  changes  of  Climate,  that 
because  the  eccentricity  may  have  been  high  at  some  particu- 
lar period  there  must  necessarily  have  been  a  glacial  epoch. 
The   erroneous  nature  of  this  misapprehension  of  the  theory 
has  already  been  shown  at  considerable  length.*     Bccentricity 
can  produce  glaciation  only  through  means  of  physical  agencies, 
and  for  the  operation  of  these  agencies,  a  certain  geographical 
condition  of  things  is   absolutely  necessary.     We  know  with 
certainty  that  during  the  Tertiary  period  the  eccentricity  was 
at   times   exceptionallj'  high,  as,  for  example,  2,500,000  and 
860,000  years  ago ;  but  whether  a  glacial  epoch  occurred  at  these 
periods  depended,  of  course,  upon  whether  or  not  necessary  geo- 
graphical conditions  then  obtained.     Supposing  the  necessary 
geographical  conditions  for  glaciation  did  exist  at  the  two  peri- 
ods in  question,   still  if  these  conditions  diflFered  very  much 
from  those  which  now  obtain,  the  glacial  state  of  things  then 
produced  would  certainly  diflfer  from  that  of  the  last  glacial 
epoch.     This  is  obvious,  for  the  same  physical  agencies  actio 
under  very  diflferent  conditions  would  not  produce  the  sam 
eflPects.     Under  almost  any  geographical   condition   of   thinp^ 
eccentricity  would  produce  marked  eflFects,  but  the  effects  pro 
duced  might  not  amount  to  glaciation.     In  the  Tertiary  age,  dur^ 
ing  high  eccentricity,  the  effects  resulting  might  possibly  hav^ 
been  as  well  marked  as  they  were  during  the  Glacial  epoch  ;  ba^ 
these  effects  must  have  differed  verv  much  from  those  nroducei^ 
at  that  epoch.     We  have  seen  that,  owing  to  that  peculiar  geb-* 
graphical   condition   of  things   existing   during   the   Tertiary* 
period,  the  physical  agents  brought  into  operation  by  a  higk^ 
state  of  eccentricity  would  have  a  much  greater  influence  \xC 
rawm^  the  temperature  of  the  northern  hemisphere,  when  th^ 
winters  occurred  in  perihelion,  than  they  would  have  in  lowtr-^ 
ing  the  temperature  of  that  hemisphere  when  the  winters  wer^ 
in  aphelion.     At  the  periods  2,600,000  and  850,000  years  ago^ 
for  example,  those  physical  agents  would  no  doubt  product" 

*  Phil.  Mag.,  February,  1884 ;  American  Journal  of  Science,  February,  1884. 
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oite  a  tropical  condition  of  climate  in  high  northern  latitudes 
rhen  the  winters  were  in  oerihelion,  while  it  is  quite  probable 
bey  may  not  have  been  aole  to  produce  glaciation  when  the 
riniers  were  in  aphelion.  It  is  more  than  likely  that  the  tropi- 
al  nature  of  the  climate  during  portions  of  the  Tertiary 
leriod  was  due  not  so  much  to  that  peculiar  distribution  of 
and  and  water  existing  then,  as  it  was  to  the  fact  that  this  pecu- 
iar  distribution  enabled  the  physical  agents  in  operation  during 
I  high  state  of  eccentricity  to  impel  a  vastly  greater  amount 
>(warm  intertropical  water  into  the  temperate  and  Arctic  seas 
thin  they  could  have  done  under  the  present  geographical  con- 
dition of  things. 

Those  very  same  geographical  conditions  enabling  the  physi- 
cftl  agents  to  raise  the  temperature  exceptionally  high  during 
the  warm  periods  would,  on  the  other  hand,  prevent  them  from 
being  able  to  lower  the  temperature  exceptionally  low  during 
the  alternate  cold  periods.  Nevertheless,  I  think  it  probable 
that  as  the  two  periods  referred  to,  when  the  eccentricity  was 
nuch  greater  than  it  was  during  the  Glacial  cpoeh,  the  tempera- 
ture would  be  lowered  to  an  extent  thai  would  produce  glacia- 
tion, although  the  glaciation  might  not  perhaps  approach  in 
Kvcrity  to  anything  like  that  of  the  Glacial  epoch.  The  nega- 
tive evidence  which  has  been  adduced  against  the  existence  of 
wch  glacial  conditions  during  the  Tertiary  period  is  certainly 
hx  from  being  conclusive. 

The  opinion  is  concurred  in  by  Mr.  Wallace  that  the  Table 
of  Eccentricity  for  the  past  three  million  years,  given  in  *  Climate 
iiid  Time,'  probably  includes  the  greater  part,  if  not  the  whole, 
of  the  Tertiary  period.  He  states  that  during  the  2,400,000 
yeirs  preceding  the  last  glacial  epoch  there  were,  according 
to  the  Uible,  no  fewer  than  sixteen  separate  epochs  when  the 
eccentricity  reached  or  exceeded  twice  its  [)re8ent  amount. 
Bat  it  does  not  follow,  according  to  the  Physical  Theory,  that 
there  oujjht,  on  that  account,  to  have  been  sixteen  epochs  of 
more  or  less  glaciation.  Whether  such  ought  to  have  been 
the  case  or  not  would  depend  on  whether  or  not  the  geograph- 
ical conditions  were  the  same  during  these  e|)ochs  as  they 
were  at  the  Glacial  epoch  ;  a  thing  regarding  which  the  theory 
is  not  responsible.  The  question  is  not  were  there  sixteen 
glacial  epochs  during  the  Tertiary  period,  but  were  there  any  ? 
Even  granted  that  those  channels  assumed  by  Mr.  Wallace 
did  exist,  they  would  not,  I  feel  assured,  wholly  prevent 
glaciation  taking  place  at  the  two  periods  to  which  reference 
has  been  made,  although  the  glaciation  might  not  be  severe. 

In  suf»port  of  the  opinion  that  there  is  no  evidence  of 
glaciation  during  the  Tertiary  period,  Mr.  Wallace  quotes  the 
?icws  of  Mr.  Searles  V.  Wood,  Jr.,  on  the  subject.     Mr.  Wood 
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States  that  the  Eocene  formation  is  complete  in  England,  and 
is  exposed  in  ^QP^i^uous  section  along  the  north  coast  of  tbe 
Isle  of  Wight  and  along  the  northern  coast  of  Kent  from  hi 
base  to  the  Lower  Bagshot  Sand.    .It  has,  he  says,   been  iDte^  < 
sected    by  cuttings   in  all  directions  and  at  all  hori7X)n8,  but  ^ 
has  not  yielded  a  trace  of  any  thing  indicating  a  cold  and  ' 
glacial  condition  of  things.     The  same,  he  ndds,  holds  trae  of 
the  strata  in  France  and  Belgium.     Further,   "the   Oligocene 
of  Northern  Germany  and  Belgium,  and  the  Miocene  of  those 
countries  and  of  France,  have  also  afforded  a  rich  molluscaii 
fauna,  which,  like  that  of  the  Eocene,  has  as  yet  presented  no 
indication  of  the  intrusion  of  any  thing  to  interfere   with  iti 
uniformly  subtropical  character." 

In  reply  to  all  this  it  may  be  stated  that  the  simple  abseaee 
of  any  trace  of  glaciation  in  the  Tertiary  deposits  of  the  Sooth 
of    England     certainly    cannot    be    regarded    as    conclosiTtt  j 
against   the   existence  of  an   epoch   of  glaciation  during  thai  | 
])eriod.     Not   many   years   ago   geologists  denied    that  there 
was  any  evidence  to  be  found  of  glaciation  in  the  South  of 
England,  and  at  the  present  time  there  are  hundreds  of  geol- 
ogists who  will  not  admit  that  that  part  was  ever   overriddei 
by    land-ice.     If    it   is   so   difficult    to    find    in    that  quarter 
evidence  of  the  last  glacial  epoch,  severe  as  that  glacial  epoch 
was,  we  need  not  wonder  that  no  trace  of  glaciation  so  remote 
as  that  of  the  Eocene  period  is  now  to  be  seen.     Besides  til 
this,  there  is  in  the  South   of  England  the   land-surface  oo 
which  the  glaciation,  if  any,  took  place,  whereas  not  a  vestige 
of  the  old  land-surfaces  of  the  Eocene  period  now  remains.   It 
therefore  seems  to   me  that  the  mere  fact  of  nothing  as  yet 
having  been  found  in   the  Tertiary  deposits  of  the  South  of  | 
England,  indicating  one  or  more  cold  periods,  is  no  proof  that  - 
there  may  not  possibly  have  been  such  periods,  and  even  of  ~ 
considerable  severity.     The  same  remarks  hold  equally  true 
in  regard  to  the  deposits  on  the  continent  referred  to  by  Mr. 
Wood. 

It  will  be  urged  in  reply  that  there  is  one  kind  of  evidence 
which  ought  to  be  found,  as  it  could  not  possibly  have  been 
obliterated  by  the  destruction  of  the  Tertiary  land-surfaoee. 
That  is  the  presence  of  erratic  blocks  and  foreign  rock-frag* 
ments  imbedded  in  the  strata.  Mr.  Wallace  states  that  in  the 
many  thousand  feet  in  thickness  of  alternate  clays,  sandi^  j 
marls,  shales,  and  limestones  no  irregular  blocks  of  foreign  j 
material  or  bowlders  characteristic  of  glacial  conditions  are  to 
be  found.  The  same,  he  says,  holds  equally  true  of  the  exten- 
sive  Tertiary  deposits  of  temperate  North  America. 

If  it  be  really  the  case  that  the  Tertiary  beds  are  wholly 
without  bowlders  or  fragments  of  foreign  material,  then  thn 
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oertainly  may  be  regarded  as  proof  that  no  real  glacial  epoch 
oould  have  occurred  during  that  period.    Bat  has  it  been  satis- 
factorily ascertained  that  those  beds  are  wholly  devoid  of  such 
materials?     Those  beds,  I  presume,  have  been  searched  by 
geologists  for  their  fossil  contents  rather  than  for  stratigraph- 
ical  evidence  of  glacial  epochs.     It  is  remarkable  how  long 
the  evidence  of  glaciation  sometimes  remains  unobserved  when 
DO  special  attention  is  devoted  to  the  matter.     As   examples 
of  this  we  know  with  certainty  that  the  Orkney  and  Shetland 
Islands  were  during  the  Glacial  epoch  overridden  by  land-ice  ; 
and  yet  geologists  who  had  often  visited  these  islands  declared 
that  they  bore  no  marks  of  glaciation.     So  recently  as  1875  the 
low  grounds  of  Northern  Germany  were  believed  to  be  without 
glacial  striae ;  yet  when  German  geologists  began  to  turn  their 
attention  specially  to  the  subject,  they  found  not  only  evidence 
of  glaciation,  but  indisputable  proof  that  during  the  Glacial 
epoch  the  great  Scandinavian  ice-sheet  had  advanced  over  the 
country  no  fewer  than   three  separate  times  down  to  the  lati- 
tude of  Berlin.     I  have  myself  seen  the  striated  summit  of  a 
mountain  on   which  geologists  had   been  treading   for  years 
without  observing  the  ice-markings  under  their    feet.      The 
reasons  why  these  markings  so  long  escaped  detection  is  doubt- 
less due  to  the  fact  that  they  were  on  a  spot  which  no  geolo- 
gist supposed  that  land-ice  could  have  reached.     For  this  very 
same  reason  the  fact  remained  so  long  unobserved,  that  the 
low-lying  ground  of  Caithness  had  been  glaciated  by  land-ice 
from  Scandinavia,  filling  the  entire  Baltic  and  the  North  Sea. 
Many  similar  cases  might  be  adduced  where  the  marks  of  gla- 
ciation remained  long  unobserved,  either   because  no  special 
search   had    been  made  for  them  or  because  they  were  under 
Auditions  in  which  they  were  not  expected  to  be  found.     It  is 
*^«ry  probable   that  when  the   Tertiary  deposits  are  carefully 
-xamined,  with    the  special  object  of  ascertaining  whether  or 
^ot  they  contain  evidence  of  glaciation,  geologists  may  be  led 
^  a  dift'erent  conclusion    regarding  the    supposed   uniformly 
»varm  character  of  the  climate  of  that  period.     They  may  possi- 
t>ly  find  that,  after  all,  the  Tertiary  beds  do  contain  bowlders 
^nd  foreign  material,  indicating  the  existence  of  glacial  condi- 
tions during  that  period. 

Considerable  importance  has  been  attached  to  the   statement 

of  Professor  Nordenskjdld    that   he  failed   to   observe  in  the 

Btratified  deposits  of  Greenland  and  Spitzbergen  any  evidence 

whatever  of  former  glaciation  in  those   regions.     "  We  have 

never  seen,"  says  he,  "  in  Spitzbergen  nor  in  Greenland,  in  these 

sections  often  many  miles  in    length,  and  including  one  may 

say  all  formations  from  the  Silurian  to  the  Tertiary,  any  bowL 

clere  even  as  large  as  a  childV  head.     There  is  not  the  smallest 
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probability  that  strata  of  any  considerable  extent,  containing 
bowlders,  are  to  be  found  in  the  polar  tracts  previons  to  the 
middle  of  the  Tertiary  period.  Both  an  examination  of  tb« 
geognostic  condition,  ana  an  inirestigation  of  the  fossil  flon 
and  fauna  of  the  polar  lands,  show  no  signs  of  a  glacial  en 
having  existed  in  those  parts  before  the  termination  of  the 
Miocene  period."*  That  Prol  Nordenskjold  may  not  have  seen 
in  those  strata  bowlders  larger  than  a  child's  bead  may  be 
perfectly  true,  but  that  there  actually  are  none  is  a  thing  utterly 
incredible.  Still  more  incredible,  however,  is  the  conclasion 
which  he  draws  from  this  absence  of  bowlders,  viz :  that  fron 
the  Silurian  down  to  the  termination  of  the  Miocene  period  no 
glacial  condition  of  things  existed  either  in  Qreenland  or  io 
Spitzbergen.  Both  these  places  are  at  present  in  a  state  oi 
glaciation,  and  were  it  not,  as  we  have  seen,  for  the  enormooi 
quantity  of  heat  which  is  being  transferred  from  the  equatorial 
regions  by  the  Gulf-stream,  not  only  Greenland  and  Spitf- 
bergen,  but  the  whole  of  the  Arctic  regions  would  be  far  more 
under  ice  than  they  are.  A  glacial  state  of  things  is  the  no^ 
mal  condition  of  polar  regions,  and  if  at  any  time,  as  during  the 
Tertiary  age,  the  Arctic  regions  were  free  from  snow  and  ice^ 
it  could  only  be  in  consequence  of  some  peculiar  distribution 
of  land  and  water  and  other  exceptional  conditiona  Thai 
this  peculiar  combination  of  circumstances  should  have  existed 
during  the  whole  of  that  immense  lapse  of  time  between  the 
Silurian  and  the  close  of  the  Tertiary  period  is  certainly  im- 
probable in  the  highest  degree.  In  short,  that  Greenland 
during  the  whole  of  that  time  should  have  been  free  from 
snow  and  ice  is  as  improbable,  although  perhaps  not  so  phy* 
sically  impossible,  as  that  the  interior  of  that  continent  should 
at  the  present  day  be  free  from  ice  and  covered  with  luxuriaDl 
vegetation.  Perhaps  the  same  skill  and  indomitable  perse* 
verance  which  proved  the  one  conclusion  to'be  erroneous  may 
yet  one  day  prove  the  other  to  be  also  equally  erroneous. 

Professor  Nordenskjold  does  not  appear  to  believe  in  alterna- 
tions of  climate  even  in  temperate  regions,  for  he  says  *'from 
pal8BontoIogical  science  no  support  can  be  obtained  for  the 
assumption  of  a  periodical  alternation  of  warm  and  cold 
climates  on  the  surface  of  the  earth." 

Evidence  of  Olacialiori  during  the  Tertiary  period. — Evidence 
of  glaciation  during  the  Miocene  period  is,  I  think,  afiforded 
by  the  well-known  conglomerates  and  erratics  near  Turin,  fire* 
described  by  M.  Gastaldi.  Beds  of  Miocene  sandstone  and  con* 
glomerate,  with  an  intercalated  deposit  containing  large  angulai 
blocks  of  greenstone  and  limestone,  have  been  found.  Somi 
of  these  blocks  are  of  immense  size.     Many  of  the  stones  ii 

*  G«ologicaI  Magasine,  1875,  p.  531. 
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the  deposit  are  polished  and  striated  in  a  manner  similar  to 
those  found  in  the  Bowlder-clay  of  this  country.     It  has  been 
shown  by  Gbtstaldi  that  these  blocks  have  all  been  derived  from 
the  outer  ridge  of  the  Alps  on  the  Italian  side,  namely  from,  the 
range  extenaing  from  Ivrea  to  the  Lago  Maggiore,  and,  conse- 
quently, they  must  have  traveled  from  twenty  to  eighty  miles. 
00  abundant  are  these  large  blocks  that   extensive   quarries 
have  been  opened  in  the  hills  for  the  sake  of  procuring  them. 
The  stratification  oF  the  beds  amongst  which  the  blocks  occur 
sufficiently  indicate  aqueous  action  and  the  former  presence  of 
the  sea.      That  glaciers  from    the    souihern    Alps    actually 
reached  to  the  sea,  and  sent  adrift  their  icebergs  over  what  are 
now  the  sunny  plains  of  Northern  Italy,  is  proof  that  during 
that  cold  period  the  climate  must  have  been  very  severe.     Oge 
remarkable  circumstance,  indicating  not  only  the  glacial  condi- 
tion of  the  bed  in  which   the  blocks  occur,  but  also  that  this 
glaciation  was  the  result  of  eccentricity,  is  the  fact  that  the  bed 
is  wholly  destitute  of  organic  remains  while  they  are  found 
abundantly  both  in  the  underlying  and  overlying  beds. 

Evidence  of  glaciation  during  the  Eocene  period,  as  is  also 
well  known,  is  foun^  in  the  ^^flysch  "  of  Switzerland.     On  the 
Donh  side  of  the  Alps,  from  Switzerland  to  Vienna,  and  also 
near  Genoa,  there  is  a  sandstone  a  few  thousand  feet  in  thick- 
Bess,  containing   enormous   blocks  of    Oolitic  limestone  and 
granite.     Many  of   these   blocks   are  upwards   of   10   feet  in 
length,  and  one  at  Haelkeren,  near  the  Lake  of  Thun,  is  105 
feet  long,  90  feet  broad,  and  45  feet  in  thickness.     The  block 
is  of  a  granite  of  a  peculiar  kind   which  cannot  be   matched 
anywhere  in   the   Alps.     Similar  blocks  are  found  in  beds  of 
the  same  age  in   the  Appenines  and  in  the  Carpathians.     The 
glacial  origin  of  this  deposit  is   further  evinced   by  the  fact 
that  it  is  wholly  destitute   of  organic  remains.     One    circum- 
stance, which  indicates  that  this  glaciation  was  due  to  eccen- 
tricity, is  the  fact  that  the  strata   most    nearly    associated  with 
the  ^^Jiysch  *'  are  rich  in  Echitioderms  of  the  Spaiangus  family, 
Hich  have  a  decided  tropical  aspect.     This  is  what  we  ought, 
of  course,  d  priori,  to  expect  if  the  glaciation  was  the  result  of 
^entricity,  for  the  more   severe  a  cold    period  of  a  glacial 
^poch  is,  the  warmer  will    be  the  periods  which    immediately 
Precede  and  succeed. 

Some  writers  endeavor  to  account  for  those  glacial  phe- 
nomena, without  any  reference  to  the  influence  of  high 
Eccentricity,  by  the  assumption  that  the  Alps  were  much 
^ore  elevated  during  the  Tertiary  period  than  they  are  at 
^Vie  present  day.  If  we,  however,  adopt  this  explanation,  we 
Bhall  have  lo  assume  that  the  Alps  were  suddenly  elevated  at 
the  time  when  the   bed  containing   the  erratics   began    to  be 
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deposited,  and  that  they  were  as  suddenly  lowered  when  tl 
disposition  of  the  bed  came  to  a  close — a  conclusion  certain 
very  improbable.  Had  the  lowering  of  the  Alps  been  effecU 
by  the  slow  processes  of  dehudation,  it  must  have  taken 
long  course  of  ages  to  have  lowered  them  to  the  extent  < 
bringing  the  glacial  state  to  a  close.  In  this  case  tbei 
ought  to  be  a  succession  of  beds  indicating  the  long  contini 
unce  of  cold  conditions.  Instead  of  this,  however,  we  have 
glacial  bed  immediately  preceded  and  succeeded  by  bee 
indicating  an  almost  tropical  condition  of  climate.  Whe 
we  take  this  circumstance  into  consideration,  along  with  ill 
evidence  adduced  by  Mr.  J.  S.  Gardner  as  to  the  alternatioi: 
of  warmer  and  colder  conditions  in  the  South  of  England  ao 
other  parts  of  Europe  during  the  Eocene  period,  the  convi( 
tfon  is  forced  upon  us  that  a  high  state  of  eccentricity  is  th 
most  rational  explanation  of  these  curious  phenomena.' 

The  greater  elevation  of  the  Alps  would  undoubtedly  \i 
tensify  the  glacial  condition  of  things,  but  it  would  do 
originate  it.  The  elevated  character  of  the  Alps,  for  exampk 
was  no  doubt  the  reason  why  the  plains  of  Switzerland,  durinj 
the  last  glacial  epoch,  were  so  much  mofe  buried  under  io 
than  other  parts  of  Southern  Europe  ;  but  their  elevation  wa 
not  that  which  brought  about  the  glaciation,  for  those  plain 
were  free  from  ice  both  before  and  after  the  glacial  epocb 
though  the  Alps  were  no  doubt  as  high  as  they  were  durinj 
the  ice-period. 

If  we  adopt  the  theory  that  these  glacial  conditions  wer 
due  to  eccentricity,  then  we  have,  as  I  endeavored  to  shoi 
many  years  ago,*  a  clue  to  the  probable  absolute  date  of  th 
Middle-Eocene  and  the  Upper-Miocene  perioda  There  were 
as  we  have  seen,  two  epochs  during  the  Tertiary  period  whei 
the  eccentricity  was  exceptionally  high,  viz:  2,500,000  year 
ago  and  850,000,  years  ago.  The  former  might  probably  b 
the  date  of  the  ''jiyich  "  of  the  Eocene  formation,  and  the  latte 
the  date  of  the  period  when  the  Miocene  erratics  were  depa 
ited  in  the  icy  sea  near  Turin. 

Some  geologists  have  maintained  that  the  climatic  cond 
tions  of  the  Tertiary  period  are  utterly  hostile  to  the  Phyaici 
Theory  of  Secular  changes  of  Climate.  The  very  revera 
however,  is  the  case  ;  for,  as  we  have  seen,  several  of  the  fac 
of  Tertiary  climate  can  be  explained  on  no  other  principle  thi 
that  of  the  theory. 

I  shall  next  consider  the  facts  bearing  on  Arctic  Intergl 
cial  periods. 

♦  Phil.  Mag.,  November,  1868 ;  *  Climate  and  Time,'  chap.  xxL 
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iBT.  XXII. — Notice  of  the  remarkable  Marine  Fauna  occupying 
the  outer  banks  off  the  Southern  Coast  of  New  England,  No.  11; 
by  A.  E.  Verrill.  Brief  Contributions  to  Zoology  from  the 
Museum  of  Tale  College,     No.  LVII. 

[Published  by  permissioD  of  the  U.  S.  OemmiBsioner  of  Fish  snd  Fisheries.] 

Work  of  the  Steamer  Albatross  in  1884. 

The  deep-sea  Anthozoa  obtained  last  season  were  numerous 
ind  interesting,  but  there  were  among  them  only  a  few  entirely 
new  forms,  for  most  of  them  had  been  dredged  by  the  Alba- 
tross in  1883,  or  by  the  Blake  in  1880.  The  most  remarkable 
new  species,  of  which  one  imperfect  specimen  had  been  taken 
in  1883,  but  not  described,  represents  a  new  genus  of  Penna- 
tolidffi.  I  have  named  this  Bentlioptillum  sertum*  This,  which 
was  taken  in  991  to  1073  fathoms,  is  a  remarkable  exception 

*  BenthopHHum^  gen.  nov.  Large,  rather  stout,  PeDDatula-shaped  sea-pens, 
trith  Tery  long  and  large  polyps,  arranged  in  several  large,  oblique,  lateral  clus- 
ters, arising  from  short,  swollen,  wing-like  elevations,  consisting  of  the  united 
bases  of  the  polyps  and  not  supported  by  spines  and  spicules.  The  polyps 
khroQghout  the  greater  part  of  their  length  are  free,  without  calicles,  and  desU- 
tote  of  spicules.  The  tentacles  are  very  long  and  plumose,  without  spicules. 
Tue  zdoids  are  minute,  very  abundant,  covering  the  ventral,  lateral  and  dorsal 
lorfaces  of  the  rachis,  and  extending  in  rows  on  the  bases  of  the  polyps,  leaving 
only  a  narrow,  naked,  median,  ventral  band.  The  axis  extends  through  the 
whole  length  and  is  quadrangular,  with  concave  sides.  The  stalk  is  rather 
short,  with  a  terminal  bulb  and  a  slight  enlargemeut  near  the  upper  end.  The 
eggs  are  c>)ntained  in  the  bases  of  the  polyps  within  the  lateral  pinnae. 

BerUfufptillum  sertum,  sp.  nov.  The  pmnse  in  the  largest  specimen  are  eight  on 
each  side  and  stand  nearly  opposite ;  those  along  ihe  middle  of  the  rachi's  largest, 
tiie  others  diminishing  very  graidually  towards  the  stalk,  the  lowest  pair  being 
hot  slightly  developed,  very  little  prominent,  consisting  of  only  a  few  polyps 
which  are  united  only  very  close  to  the  base.  The  four  miduie  pai'sof  pinnae 
Me  very  broad  and  swollen  at  the  base,  considerably  elevated,  and  give  rise  to 
a  Tery  large  number  of  long  and  large  flexible  polyps,  which  are  arranged  in 
Dumerous  crowded  rows,  so  as  to  form  a  lar«e,  compact  cluster,  the  larger  clus- 
ters haviug  about  forty  polyps.  The  opposite  clusters  approach  so  closely  on  the 
(brsalside  as  to  blend  moreur  less  together.  The  outermost  row  on  the  ventral 
side  contains  about  twelve  polyps  the  bases  of  which  are  swollen  and  distinguish- 
able nearly  to  the  base  of  the  pinnae.  They  form  an  oblique  row  in  which  the 
Wer  successively  overlaps  the  one  above  it.  The  zooids  appear  as  minute 
panules.  which  cover  the  entire  surface  of  the  rachis,  except  the  narrow,  median, 
^tral  band,  and  form  groups  between  the  bases  of  the  polyps  on  the  dorsal  side, 
numing  up  between  their  bases  on  the  ventral  side.  The  successive  pairs  of 
pinna  are  separated  by  considerable  intervals  on  the  ventral  side,  but  nearly  rim 
V)gether  on  the  dorsal  side.  The  axis  is  rather  stout  and  has  a  deep  groove  on 
the  ventral  side. 

In  life  the  general  color  was  blood-red.  In  alcohol  the  stalk  and  rachis  are 
yeUow'ish  white  with  a  tinge  of  orange  on  the  sides ;  the  polyps  are  translucent 
grayish  white  or  dull  purplish  with  the  tentacles  chestnut-brown  to  deep  reddish 
hrown,  the  stomach  dull  purplish  color,  showing  through  the  walls. 

Total  length  of  the  larger  specimen,  300'"" ;  length  of  the  naked  stalk,  93"™ ; 
diameter  of  the  stalk,  6""™ ;  diameter  of  rachis,  6"""  ;  total  breadth  from  tip  to 
tip  of  expanded  polyps,  140"" ;  breadth  across  largest  pinnae,  22"" ;  length  of 
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to  the  generalization  made  by  Professor  KoIIiker,  in  his  report 
on  the  Challenger  Pennatulacea,  p.  88,  that  only  the  simpler 
forms  of  Pennatulacea  occur  in  deep  water,  for  our  new  genus 
is  a  very  highly  organized  and  specialized  form,  of  large  size^ 
with  complex  lateral  groups  of  very  large  polyps.  But  oar 
two  species  of  Peimalula  (P.  aculeata  and  P,  borealis)  both 
range  downward  to  1255  fathoms,  and  the  generalization  re- 
ferred to  will  probably  be  found  to  rest  on  very  insufficient 
evidence.  A  small  species  of  JSlyfatula  was  also  dredged  in 
444  fathoms,  but  it  has  not  yet  been  identified.  The  genos 
was  new  to  our  Atlantic  coast. 

Three  specimens  of  a  very  handsome  European  cup-coral 
(Desmopfiyllum  crista  gailt)^  never  before  observed  on  the 
American  coast,  were  taken  this  year  in  1054  to  1060  fathoma. 
Two  of  these  were  of  very  large  size.  Curiously  enough 
another  species  of  this  genus  was  obtained  at  about  the  same 
time  by  one  of  the  Gloucester  fishing  vessels  off  Nova  Scotii 
and  was  sent  to  the  Fish  Commission  at  Wood's  Holl  by  Capt 
J.  W.  Collins.  This  is  a  very  large  and  handsome  species 
{D.  nobile  V.),*  evidently  entirely  new.     It  somewhat  resembles 

free  portion  of  polyps  to  tip  of  tentacles,  68"^;  length  of  tentades,  15^; 
diameter  of  polyps  at  stomach,  S"*"*. 

Station  22o5,  Id  107 J  fathoms,  N.  Ut  39"*  35',  W.  long.  71*  18'  45'',  one  lufi 
spedroen,  and  sution  2210.  in  991  fathoms,  M.  lat?  39*  37' 45",  W.  long.?  71' 
18' 45";  station  2115,  in  843  fathoms  (No.  6729),  1883. 

*  IksmophyUum  tiobife  V.,  sp.  nov.     Corallum  solid,  vase-shaped,  arising  firom  t 
broadly  expanded  base,  a  short  distance  above  it  contracts  somewhat,  and  tbeo 
expands  to  the  summit.    The  walls  are  pure  wliite,  smooth,  polished,  somewhat 
lustrous,  without  any  appearance  of  granulation.    The  calicle  is  broad,  deep, 
nearly  circular,  and  apparently  thick  at  the  edges,  owing  to  the  peculiar  lateral 
thickening  of  the  smallest  septa.    There  is  no  visible  columella.     The  septa  tra 
forty-eight,  in  four  reg^ilar  cycles.    The  twelve  primary  septa  are  very  nmch 
higher  and  broader  than  the  others,  with  the  inner  edges  nearly  perpendicular 
and  converging  so  near  the  center  as  to  leave  but  a  very  narrow  central  pit 
Toward  the  summit  the  inner  edge  is  obliquely  truncated  or  slightly  coDcavCi 
while  the  extreme  summit  is  broadly  rounded  and  very  prominent    The  exterioi 
margin  is  broadly  rounded,  usually  flexuous  or  irregularly  lobed  or  notched,  and 
projects  far  beyond  the  border  of  the  calicle  in  the  form  of  very  prominent  creit- 
like  costae,  which  extend  a  short  distance  below  the  margin  of  the  calicle  and 
then  are  suddenly  narrowed,  fading  out  entirely  before  reaching  the  narroweat 
part  of  the  pedicle ;  they  are  rather  thin  at  the  inner  and  superior  edges  but  aie 
considerably  thickened  toward  the  wall  and  in  their  exterior  portions;  their  sur- 
faces within  the  calicle  are  coarsely  granulated,  but  on  their  upper  and  outer 
portions  the  surfaces  are  glazed  and  polished.    The  secondary  septa  are  rimilar 
in  form  and  structure  to  the  primary  ones,  but  are  much  smaller  and  thiiiDer« 
their  inner  edges  do  not  extend  so  far  inward  and  the  summit  does  not  rifl0 
nearly  so  high,  but  the  exterior  or  costal  portion  is  nearly  as  prominent  and 
thick  as  the  primaries,  but  is  more  suddenly  narrowed  and  does  not  extend  so  ftf 
down  the  s  de  of  the  coral.    The  septa  of  the  third  cycle  are  still  narrower  uid 
lower,  with  the  inner  portions  quite  thin,  while  the  portion  next  the  margin  oi 
the  calicle  is  very  conspicuously  thickened  by  swollen  deposits  which  oonncd 
them  laterally  with  the  adjacent  septa ;  their  exterior  portion  is  scarcely  promi- 
nent not  forming  distinct  costse. 

Total  height  to  the  sommit  of  the  highest  septa,  56"^ ;  height  to  margfai  a 
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injens  Moseley,  from  the  Straits  of  Magellan,  but  has  only 

^^ight  septa,  which  are  remarkably  thickened  and  very 

iQi£  while  the  exterior  is  smooth  with  an  ivory-like  polish. 

tpparently  undescribed  species  of  Paracyathvs  occurred  in 

fathoms,  but  it  has  not  been  fully  studied. 

Ji  peculiar  new  species  of  Epizoanthus  {E.  abyssorum  V.)  was 

several  times  in  1555  to  2033  fathoma    It  usually  formed 

covering  of  a  hermit-crab  {Parapagurus  ptlosimanus).    The 

Pypg  are  rather  large,  usually  five  or  six,  divergent,  clavate 
eontraction,  and  closely  covered  with  a  grayish  coating  of 
II  foraminifera.     The  closed  summit  has  twentj-four  con- 
5nt  radii.     The  polyps  in  alcohol  are  10  to  15"*°^  long,  9  to 
broad. 
In  addition  to  the  starfishes  referred  to  in  my  last  article, 
is,  from  1098  and  1451  fathoms,  a  very  interesting  new 
jeB belonging  to  the  peculiar  deep-sea  genus,  Hymenaster* 
which  many  species  were  dredged  by  the  Challenger  in 
rioas  parts  of   the   world.     An   additional  new  species  of 
has  also   been   recognized.     It   was  taken  in  858 
)m8,  iD  1883,  and  in  368  fathoms,  in  1881. 

42a*;  diameter  of  the  pedicle  in  the  middle  where  narrowest,  21^^; 
diameter  of  the  calicle,  34^"*;  shorter  diameter,  31^^; .  breadth  of  the 
lepta,  20"°*;  height  above  margin  of  calide,  14^"^;  breadth  of  the 
or  costal  portion^  T"*" ;  breadth  of  secondary  septa,  16°*°*;  height  above 
of  calicle,  8"°* ;  breadth  of  tertiary  septa,  6""" ;  height  above  margin  of 
,4to5"» 

00I7  specimen  known  was  takeo  July  15th,  1884,  on  the  **  Stone  Fence,*' 
flnqiiereaa,  N.  S.,  in  about  300  fathoms  (approximate  position  N.  lat.  44°  28^ 
"Jlatli  57*  130  by  Michael  Campbell,  of  Gloucester,  Mass. 
Bfinenaster  modeatus,  sp.  nov.  Body  small,  pentagonal,  with  concave  borders, 
libort,  broad,  each  adombulacral  plate  bears  three  very  slender,  acute  spines ; 
•re  it  the  inner  edge,  and  of  these  the  distal  is  much  shorter  than  the 
r;  the  third  is  external  to  the  others,  more  erect  and  slightly  larger.  The 
ndial  spines  are  very  slender,  not  crowded,  16  to  18  on  each  side;  the 
ones  are  the  5th  and  6th ;  these  and  those  bevond  reach  the  margin, 
I  is  scolloped  between  them.  The  dorsal  paxillsB  project  through  the  mem* 
M  small  spinules ;  they  are  pretty  uniformly  distributed  and  there  are  no 
Indial  areas.  Color  pale  buff  above,  pink  beneath.  Greater  radius,  10*"°* ; 
itdios,  7"".  Stations  2052  and  2096,  1098  and  1451  fathoms. 
'  Ankoiter  sepitus,  sp.  nov.  This  species  is  more  nearly  related  to  A.  tenuispinus 
to  any  of  our  other  species.  It  agrees  with  the  latter  in  form,  in  having  a 
it,  acute  central  spine  on  the  dorsal  paxillse,  and  in  the  general  character 
•pinulation,  in  the  projecting  adambulacrul  plates,  and  apparently  in  the 
of  special  pores  at  the  base  of  the  arms.  Its  disk  is  smaller,  its  marginal 
more  prominent  and  convex  or  swollen,  its  marginal  spines  niuch  larger 
_jre  regular,  and  the  spinules  on  the  marginal  plates  much  longer  and 
Mr,  while  the  ventral  interbrachial  areas  are  much  smaller. 
Rw  marginal  spines  are  longer  than  the  breadth  of  the  plates,  and  the  spinules 
tte  plates  divergent  and  sharp.  The  lower  plates  are  as  prominent  as  the 
vaod  bear  similar  spinules,  with  a  median  spine  near  the  upper  end,  like 
It  of  the  tipper  row,  and  sometimes  with  a  lower  one  of  the  same  form ;  these 
m  Abut  directly  against  the  adambulacral  plates.  The  latter  project  strongly 
flie  groove  and  each  bears  a  g^up  of  eight  to  ten  slender  divergent  spines,  those 
•  niddle  longest,  with  a  larger,  outer,  erect  central  spine.    Ventral  interbrachiid 
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Another  lar^e  and  handsome  new  star-fish,  which  was  if 
in  several  localities,  in  843  to  1895  fathoms,  both  this  year 
last,  is  a  species  of  iSolaster  (sS.  abyssicola  V.)*  somewhat 
sembling  S.  endeca  and  S.  Earllii  in  general  appearance, 
differing  from  both  in  the  arrangement  of  the  spines,  especi 
beneath.  The  color  is  bright  orange  in  life,  it  becomes  < 
a  foot  in  diameter,  with  a  broad  disk,  and  asaally  eight 
nine  rays. 

Among  the  deep  sea  Ophiurans  no  genus  is  more  comi 
and  widely  diffused  than  Ophiacantha.  Of  this  genus  we  I 
taken,  during  the  two  past  seasons,  eleven  or  twelve  spe< 
besides  one  each  of  the  closely  allied  genera  Ophiolebes 
OphiomitrcL  Most  of  these  forms  live  clinging  closely  to 
branches  of  gorgonians.  All  the  species  that  I  have  tested 
brilliantly  phosphorescent. 

The  most  abundant  are  0.  bidentata^  0,  millespina  V. 
0.  abyssicola  Gr.  O.  Sars;  these  three,  which  are  very  sim 
in  appearance,  are  closely  allied  forms,  and  the  last  two  c 
even  prove  to  be  identical.  But  some  of  the  others,  like 
anomalaj  with  six  arms,  and  0.  speclabilis^  with  short,  sU 
granulose  arm-spines  and  slender,  tapering,  acute  disk  spii 
are  very  distinct  forms.  The  same  is  true  of  three  new  spec; 
0.  crassidens^\  having  strong,  acute  disk-spines  and  remarka 

plates  few,  each  with  a  sharp  central  spine,  surrounded  by  an  irregular  groQ 
small  spiDules.  Greater  radius,  34'"'° ;  lesser,  S""** ;  breadth  of  rays  at  1 
9min^  This  example  has  16  marginal  plates  in  each  row.  Station  2072,  in 
fathoms,  four  specimens ;  station  994,  in  368  fathoms,  one  young. 

*  Solaster  abyssicola  V.,  sp.  nov.  Disk  broad.  Rays  usually  eight  or  i 
yaryiug  to  seven  aud  ten.  Abactinal  side  covered  with  raiher  small,  not 
close,  rounded  paxill®,  bearing  small  and  short  spinules.  The  branchial  pa; 
are  large  and  numerous,  thickly  scattered  on  the  disk  and  base  of  arms.  U 
nal  plates  prominent,  bearing  a  transverse  group  of  small,  rough  spinules,  in 
or  three  rows.  Inter-brachial  ventral  areas  of  moderate  size,  covered 
rounded  pazillse,  similar  to  those  of  the  back,  arranged  in  regular  rows, 
bearing  a  divergent  group  of  five  to  eight  small,  rough  spinules.  The  adai 
lacral  plates  bear  an  outer  transverse  row  of  five  to  seven  rather  short,  uk 
ately  thick  spines,  united  at  base  and  covered  by  a  thick  skin ;  and  an  i 
group  or  three  or  four,  nearly  equal  and  rather  short  spines,  united  together 
web  for  about  half  their  length. 

f  Ophiacantha  crassidens,  sp.  nov.     Arms  five,  rather   short     Disk  roui 
covered  with  rather  small,  tapered,  subacute,  slightly  roughened  spines,  ? 
anse  from  well  developed,  crowded  plates,  only  partly  concealed  by  a  thin  i 
radial  shields   nearly  concealed.     Arm-spines  at  base  of  arms,  seven,  bo 
minutely  roughened  or  granulose,  short,  brownish,  opaque,  the  five  lower 
subequal,   unusually  short  and  blunt,   becoming  very  siiort  and  acute  dist 
the   next  two  rather  longer  and   tapered;   the  uppermost  smaller    and 
slender,   acute,   those  of    opposite    sides    well  separated.     Ventral    arm-j 
prominent,    especially    distally,   the  outer  end  rounded.     Tentacle-scale  1 
stout,  ovate,  distally  becoming  short  and  blunt     Ventral  side  of  disk  disti 
scaled,  with  few  spines.   Mouth-shields  triangular  with  acute  inner  angle,  coi 
sides  and  convex  outer  margin,  granulous.     Teeth  remarkably  large,  broad 
thick,    longitudinally  roughened;    mouth-papillae   few,    three   or  four  on 
aide,    very  stout,   flattened,   roughened  and  brown,   like  Uie  teeth,  whiok 
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tout  teeth  and  mouth-papillsd ;  0.  tnofpla^  with  numerous 
nd  very  slender  arm-spines,  short  obtuse  stumps  on 
sk,  and  an  unusually  large  number  of  slender  acute 
papillae,  much  crowded  at  the  outer  corners;  and  0. 
5fera,t  which  has  the  disk  closely  covered  with  small 
38  and  has  unusually  wide  and  short  ventral  arm-plates, 
gr  large  species,:|:  of  which  several  were  found  clinging  to 
as  of  nrisinrja  spinulosa  V.,  also  appears  to  be  new. 
Ophiolehes  Acanellce  V.,  referred  to  above,  lives  clinging 
branches  of  Oorgonians,  dredged  off  Nova  Scotia,  ana 
resembles  some  species  of  Ophiacantfta^  but  has  fewer 
orter  spines  and  its  disk  is  covered  with  short,  rough, 
topped  stumps  or  large  granules.  Amphihpis  Norvegtca 
cen  several  times  in  1395  to  1555  fathoms. 
Ophiomitra  is  a  new  species  §  of  large  size,  allied  to 

M  resemble  in  size  and  form,  the  others  successivelj'  smaller.  Color  dull 
le  spines  and  teeth  darker. 

ter  of  disk,  13"™;  length  of  arms  about  40"";  largest  spines,  2'5"»'". 
5,  in  843  fathoms,  N.  lat.  36'  49'  30',  W.  long.  74''  34'  45",  1  specimen, 

• 

7£aniha  enopla,  sp.  no  v.  Disk  rounded,  rather  smaller,  arms  five,  rather 
e  plates  prominent,  with  long,  slender,  glassy,  acute,  minutely  thorny 
f  which  there  are  eight  in  the  largest  clusters  near  the  base  of  the  arms, 
upper  ones  decidedly  longer  and  smoother  than  the  five  lower  ones ;  the 
do  not  approach  very  nearly  on  the  dorsal  side,  at  the  base  of  the  arras, 
ates  rhombic,  longer  than  broad.  The  disk  is  thickly  covered  with  small, 
tut.  blunt  stumps,  looking  like  granules,  and  terminated  by  a  group  of 
lallf  rough,  irregular  spinules;  beneath  they  become  rounded  granules. 
Jelds  small,  transversely  elongated  and  subrhombic,  the  outer  angle 
ircely extending  on  the  interbrachial  area.  Tenta<?le-scale minute;  mouth- 
'ather  lonjr,  acute,  very  numerous,  7  to  9  on  each  side  of  each  jaw, 
y  clustered  near  the  outer  end  of  the  mouth-slits,  where  there  are  five  or 
ing  nearly  erect  on  each  side,  while  two  or  three  more  horizontal  ones 
irer  the  inner  end.  Yellowish  white  in  alcohol ;  cange  while  living. 
er  of  disk.  12"'":  leno^h  of  arms,  65"";  longest  spines,  4"". 
s  1122,  1124,  2046,  in  351  to  640  fathoms. 

'xmuli/era  V.,  sp.  nov.  Disk  finely  granulated,  with  slightly  raised 
Iges,  showing  the  naked  tips  of  the  radial  shields.  Arms  rather  broad, 
js  on  basal  joints,  8  or  9,  a  little  rouph ;  the  upper  ones  loner  and  slen- 
rows  not  approximating  above;  tentacle-scale  small,  lanceolate,  except 
!  ones.  Ventral  plates  short,  transversely  oblong  on  2d  to  7th  joints, 
:  trapezoidal  farther  out.  Radial  shield  strongly  4-lobed,  small.  Mouth- 
11  spiniform,  3  or  4  on  each  side  of  a  jaw. 
«r  of  disk  9  to  1 1""*'.  Off  Nova  Scotia,  101  to  200  fathoms. 
jcantha  aaileaia,  sp.  nov.  A  large  orange  species  with  long  tapering 
I  very  long,  slender,  slightly  rough  spines.  8  or  9  on  each  side,  near  the 
rows  nearly  meeting  above.  The  disk  is  rounded  and  full,  with  the 
radial  shields  not  exposed;  surface  evenly  covered  with  very  slender 
)inules,  terminated  by  several  sharp  points.  Jaws  wider  and  more 
an  usual ;  the  mouth-papillfe  are  rather  slender,  all  acute,  usually  4  or  5 
Bide  of  a  jaw.  Tentacle  scale  lanceolate,  acute,  not  very  large.  Mouth- 
ither  small,  convex  on  outer  elge,  obtusely  angled  on  the  inner. 
IS  2034  and  2105,  in  13  46  and  1305  fathoms. 

omitra  spinea  V.,  sp.  nov.  Radial -shields  broad-ovate,  notched  at  outer 
iraled  by  a  triani^nlar  wedge  of  scales ;  small  unequal  scales  cover  the 
i  bear  small  conical  and  rounded  granules.     Arm-spines  8  or  9  at  base  of 
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LUt  of  Stations  occupied  by  the  Albatross  in  1884. 


2170 
2171 
2172 
2173 
2174 


2175 
2176 
2177 
2178 
2179 
2180 
2181 
2182 

2183 
2184 
2185 
2186 
2187 
2188 
2189 
2100 
2191 
2192 
2193 
2194 
2195 
219G 
2197 
219« 
2199 
2200 
2201 
2202 
2203 
2204 
2205 
2206 
2207 
2208 
2209 
2210 
2211 
2212 
2213 
2214 
2215 
2216 
2217 
2218 


8U^ 
tlon. 


Locality. 


Off  Chesapeake  Bay. 

N.  Lat.  W.  LoQic. 

37'67'00'  73'63'30' 

37  59  30  73  48  40 

38  01  15  73  44  UO 

37  57  00   72  34  00 

38  15  00   72  03  00 

Off  Martha's  Vinejard. 

39  33  00   72  18  30 


39  22  30 
39  33  40 
39  29  00 
39  30  10 
39  25  50 
39  29  00 
39  25  30 

39  57  45 

40  00  15 
40  00  45 
39  52  15 
39  49  30 
39  54  30 
39  49  30 
39  40  00 
39  45  30 
39  46  30 
39  44  30 
39  43  45 
39  44  00 
39  35  00 
39  56  30 
39  56  30 
39  57  30 
39  53  30 
39  39  45 
39  38  00 

?30  34  16 

?39  30  30 

39  35  00 

?39  35  00 

39  35  33 

39  33  00 

39  34  45 

?39  37  45 

?39  35  00 

'?39  59  30 

:?39  58  30 

;  39  57  00 

39  49  15 

39  47  00 

39  47  20 

39  46  22 


72  21  30 
72  08  45 
72  05  15 
71  50  00 
49  30 
46  00 
44  00 


71 
71 
71 


71 
71 


71 

71 
71 
71 


70  56  30  i 
70  55  30  I 
70  54  15  I 

70  55  30  I 

71  10  00  i 
71  08  00  , 
70  26  00 
70  20  15 
70  17  00 
70  14  45 
70  10  30 
70  07  00 

70  03  00 
69  44  00 
69  43  20 
69  43  20 
69  41  10 

69  43  20 

71  35  15 
71  39  45 
71  45  15 

44  30 
18  45 
71  24  30 
71  31  45 
16  15 
2L  30 
18  45 
18  00 

70  30  45 
70  30  00 
70  32  00 
70  31  45 
70  30  30 
69  34  15 
69  29  00 


Path. 


155 
444 

568 
1600 
1594 


452 
302 
87 
229 
510 
523 
693 
861 

195 

136 

129 

353 

420 

235 

600 

1180 

961 

1060 

1122 

1140 

1058 

1230 

84 

84 

78 

148 

538 

515 

705 

728 

1073 

1043 

1061 

1178 

1080 

991 

1064 

428 

384 

475 

578 

963 

924 

948 


Bottom. 


Tcnip.*  P. 


Bot- 
tom. 


gy-8 

gn.ii.,8.,cn8. 


(( 


gib.  o. 
gy.M. 


gn.M. 
bk.M. 

gn.  M.,  8. 

(I 

bk.M. 

ii 

H.,  foe.  & 
gn.M. 


gQ.  M.,  8. 

It 


gn.  M. 
gn.  M.,  8. 

gn  M. 
gn.  g!b.  0. 

gn.M. 
o.,  c,  ens. 

gn.M. 

bn.  o. 

gn.  H.,  St 

it 

8.,  brk.  sb. 

gn.  b. 
8.,  brk.  Rh. 
bu.  M. 
gn.  M. 
gn.  M.,  8. 
bu.  H. 

gn.M. 

it 

gD  M. St., ens. 
gib.  o. 

14 

gn.M. 

(> 

(t 


39" 

39 

37 

? 


i  40 
41 
42 
42 
39 
39 
39 
39 

44 

49 
51 
40 
40 
43 
40 


39 
38 
38 
38 
38 
52 
52 

45 
39 
39 
39 
39 
38 
38 
39 
38 
39 
38 
38 
40 
39 
39 


Sor* 
fac«. 


71*; 

75  i 

76  I 
70  I 
76  I 


68 
68 
68 
68 
67 


gn.  M.  39 

gy.  M.  38 

39 


i( 


Hour. 


11.40  A.M. 

1.25  P.  M. 
3.46      *' 

6.26  A.  M. 
2.59  p.  M. 


iJ 


9.03 
12.34 
3.40 
5  16 
4.02 


A.  M 


•   I 


t( 


P.  M. 

it 

A.  M 


68 

6.48   ••   i 

68 

9  42   '• 

68 

12.58  M. 

A 

68 

11.52  A.M. 

70 

1.08  P.M. 

69 

2.12   " 

69 

6.12   '• 

68 

10.44  A.  M. 

70 

1.54  P.M. 

71 

4.16  A.  M. 

73 

10.42   " 

73 

2.46  P.  M. 

72 

5.45  A.  M. 

73 

11.04   " 

74 

2.54  P.  M. 

74 

6.42   " 

74 

4.45  A.  M. 

74 

11.24   •• 

74 

1.17  P.M. 

74 

2.03   " 

74 

4.38   •' 

66 

6.10  A.  M. 

67 

9.23   '♦ 

74 

12.20  p.  M. 

74 

4.32   " 

73 

4.37  A.  M. 

74 

9.16   - 

74 

1.01  p.  M 

74 

5.02  A.  M. 

74 

9.42   '• 

74 

1.18  p.  M.  . 

74 

4.45   •• 

71 

4.48  A.  M. 

71 

8.04   " 

74 

11.30   *♦ 

74 

3.13  P.  M. 

71 

5.38   " 

73 

4.49  Jr.  M. 

74 

10.41   »* 
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Mtj, 

Faflu 

Bottom. 

Temp.,  F. 

Hour. 

Loa 

Bot- 
tom. 

8ar- 
face. 

Date. 

. 

or  Martha' 

8  Vineyard. 

A 

N.Lat. 

W.  Long. 

Aug. 

9"4G'22' 

69* 29' 00' 

948 

gy.M. 

39* 

74* 

1.36 

P.  M. 

23 

9  43  30 

69  23  00 

1054 

»t 

38 

74 

4.18 

ti 

23 
Sept 
6 

9  05  30 

70  44  30 

1525 

gy.c,  bricks. 

37 

76 

9.01 

▲.  M. 

9  03  15 

70  50  45 

1537 

II 

37 

73 

2.20 

P.  M. 

6 

)ff  Che^aapeuke  Bay. 

7  48  30 

69  43  30 

2516 

gib.  0. 

36 

76 

5.07 

A.  M. 

7 

6  16  30 

68  21  00 

2574 

ti 

37 

79 

8.31 

ii 

8 

6  05  30 

69  51  45 

2512 

yl.  0. 

'  37 

78 

6.47 

II 

9 

7  00  00 

71  54  00 

2021 

gib.  0.,  8t. 

37 

80 

6.06 

II 

10 

6  55  23 

71  55  00 

2109 

a 

37 

82 

12.24 

P.  M. 

10 

7  25  00 

73  06  00 

1582 

bu.  M.,  ons. 

37 

77 

6.10 

A.  M. 

11 

7  38  40 

73  16  30 

1423 

gib.  0. 

38 

76 

4.12 

P.  M. 

11 

Off  Delaware  Bay. 

8  27  00 

73  02  00 

1168 

gy.o.,c.,  ens. 

37 

76 

4.37 

A.  M. 

12 

8  29  00 

73  09  00 

965 

»i 

37 

76 

9.42 

II 

12 

8  37  30 

73  11  00 

243 

go.  M. 

43 

74 

2.48 

P.  M. 

12 

8  36  30 

76  06  00 

630 

u 

39 

73 

4.16 

It 

12 

S  Martha' 

s  Vineyard. 

9  09  00 

72  03  15 

816 

gn.  M. 

39 

71 

4.30 

A.  M. 

13 

9  12  00 

72  03  30 

707 

(1 

39 

72 

7.33 

13 

9  11  00 

72  08  30 

636 

"  1 

39 

72 

9.49 

13 

9  12  17 

72  09  30 

520 

it 

39 

72 

11.42 

13 

9  06  00 

72  10  00 

904 

gy  M. 

39 

72 

2.26 

P.M. 

13 

0  38  00 

70  29  45 

32 

gn.  M. 

•  * 

62 

6.05 

A.M. 

26 

0  27  30 

70  29  00 

44 

it 

^  ^ 

61 

7.29 

26 

0  21  00 

70  29  15 

50 

4i 

51 

63 

9.20 

26 

0  15  30 

70  27  00 

58 

It 

51 

63 

11.33 

26 

0  10  15 

70  26  00 

63 

tt 

52 

64 

1.13 

P.  M. 

26 

0  05  15 

70  23  00 

67 

gn.  M.,  8. 

53 

71 

3.11 

26 

0  01  15 

70  22  00 

98 

M.,  bk.  8. 

51 

61 

4.50 

26 

9  56  45 

70  20  30 

122 

gn.  M. 

48 

71 

6.43 

26 

0  03  00 

69  57  00 

78 

gD.  M.,  8. 

62 

70 

4.57 

A.  M. 

27 

0  07  00 

69  57  00 

67 

li.,8.,  brk.  8h. 

52 

70 

6.50 

27 

0  11  00 

69  52  00 

53 

If.,  fne.  8. 

51 

70 

8.24 

27 

»  17  15 

69  51  45 

47 

t. 

51 

68 

10.04 

27 

0  22  17 

69  51  30 

43 

tt 

51 

65 

12.02 

P.  M. 

27 

0  28  00 

69  51  00 

38 

ti 

50 

63 

1.46 

27 

1)  34  30 

69  50  45 

32 

8.,  bk.  spk. 

53 

61 

3.11 

27 

0  40  30 

C9  50  30 

25 

It 

54 

61 

4.39 

27 

0  46  80 

69  50  15 

18 

tt 

56 

60 

6  10 

27 

0  38  30 

69  29  00 

30 

yl.  8. 

53 

61 

5.42 

A.  If. 

28 

0  32  30 

69  29  00 

33 

8.,  bk.  Bpk. 

52 

61 

7.17 

28 

0  26  00 

69  29  00 

36 

tt 

51 

61 

8.34 

28 

0  19  30 

69  29  10 

41 

t< 

50 

61 

9.56 

28 

0  13  15 

69  29  15 

46 

gy.8. 

50 

66 

11.13 

28 

0  04  00 

69  29  30 

58 

3.,  bk.  Bpk. 

54 

66 

12  52 

P.  If. 

28 

9  54  45 

69  29  45 

250 

gn.M,  a 

42 

67 

2,51 

It 

28 
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* 

Xdti  of  Stations  occupied  by  the  Aibatroee  in  1884 — continh 


8te. 
tlon. 

LocAllty. 

Fath. 

Bottom. 

Temp.,  F. 

Hot 

Bot 

1 
Sur- 

or. 

tom. 

face. 

Off  Chesapeake  Bar. 

N.Lftt. 

W.  Loot. 

2263 

37*08' 00" 

74*33' 00' 

430 

gn.M. 

47» 

66* 

1.06 

P.  If. 

2264 

37  07  60 

74  34  20 

167 

gy.8. 

68 

66 

2.37 

41 

2266 

37  07  40 

74  36  40 

70 

Cp.  X.,  0.,  sh. 

63 

67 

3.47 

11 

Off  Cape  Hatteras. 

2266 

36  07  00 

75  08  30 

111 

fne.  8. 

73 

78 

6.00 

A.  If. 

2267 

36  08  50 

76  07  20 

68 

KJ-M. 

71 

79 

6.39 

It 

2268 

35  10  40 

75  06  10 

68 

a 

77 

79 

7.43 

t. 

2269 

36  12  30 

75  05  00 

48 

era.  Q. 

76 

76 

8.46 

4. 

2270 

35  14  16 

75  07  00 

32 

fne.  gj.  & 

76 

9.40 

11 

2271 

36  16  00 

76  09  00 

26 

«  «  *  « 

.. 

75 

10.45 

41 

2272 

35  20  10 

76  14  00 

15 

8.,  bk.  apk. 

76 

11.67 

It 

2273 

35  20  30 

75  17  30 

17 

tt 

72 

72 

12.46 

P.  If. 

2274 

35  20  36 

75  18  05 

16 

t( 

71 

1.22 

41 

2276 

35  20  40 

75  18  40 

16 

♦« 

71 

1.43 

11 

2276 

35  20  46 

76  19  15 

16 

14 

71 

2.08 

It 

2277 

35  20  60 

76  19  60 

16 

II 

71 

2.21 

41 

2278 

36  20  65 

75  20  20 

16 

** 

71 

2.46 

44 

2279 

35  20  66 

76  20  65 

16 

14 

71 

3.36 

44 

2280 

35  21  00 

75  21  30 

16 

14 

70 

4.16 

44 

2281 

35  21  05 

75  22  05 

16 

4( 

«  • 

70 

4.35 

14 

2282 

36  21  10 

75  22  40 

14 

bk.a 

w  • 

70 

6.13 

4. 

2283 

35  21  15 

75  23  15 

14 

gJ-8. 

m  m 

70 

6.41 

41 

2284 

35  21  20 

75  23  50 

13 

era.  gy.  a 

70 

6.09 

•  « 

2285 

35  21  26 

75  24  25 

13 

41 

70 

6.40 

4. 

2286 

35  21  30 

75  25  00 

11 

.4 

70 

7.13 

41 

2287 

35  22  30 

75  26  00 

7 

(1 

69 

6.15 

A.  M. 

2288 

35  22  40 

75  25  30 

7 

8.,  brk.,  8h. 

69 

6.45 

41 

2289 

35  22  50 

76  25  00 

7 

11 

69 

7.15 

41 

2290 

35  23  00 

75  24  30 

10 

44 

G9 

7.45 

14 

2201 

35  25  30 

75  20  30 

15 

it 

69 

8.46 

1. 

2292 

35  27  20 

75  16  30 

17 

.t 

70 

9.32 

11 

229H 

35  29  10 

75  12  30 

18 

era.  & 

m   ~ 

71 

10.25 

11 

2294 

36  31  00 

75  08  30 

19 

ere.  gy.  a 

•  • 

71 

11.18 

t> 

2295 

35  32  41 

75  04  30 

22 

44 

73 

12.03 

P.  M. 

2296 

35  35  20 

74  58  45 

27 

i( 

71 

1.15 

•• 

2297 

35  38  00 

74  53  CO 

49 

M.,  brk.,  8h. 

73 

2.18 

•1 

2298 

35  39  00 

74  52  00 

80 

.4 

73 

2.55 

ii 

2299 

35  40  00 

74  61  30 

296 

bk.  M. 

73 

3.50 

14 

2300 

35  41  30 

74  48  30 

671 

4i 

71 

5.20 

11 

2301 

35  11  30 

75  05  00 

59 

crR.  a 

75 

77 

6.10 

A.  If. 

2302 

36  14  00 

76  03  00 

49 

8,  0. 

71 

77 

6.45 

•t 

2303 

35  17  00 

75  01  00 

41 

foe.  a 

77 

7.11 

14 

2304 

35  19  00 

74  58  00 

37 

14 

77 

7.40 

11 

2305 

35  23  00 

74  51  30 

58 

" 

66 

79 

8  36 

li 

2306 

35  21  30 

74  52  00 

322 

<?y.M. 

42 

79 

11.00 

tt 

2307 

35  42  00 

74  64  30 

43 

gy.  abk.  a 

57 

70 

4.11 

P.  M. 

2308 

35  43  00 

74  53  30 

46 

41 

71 

5.17 

11 

2309 

35  43  30 

74  52  00 

66 

a,  bk.  spk. 

71 

6.08 

ii 

2310 

35  44  00 

74  61  00 

132 

bk.  M.,  8. 

—  • 

71 

6.59 

14 
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0.  valida^  but  having  more  nomerous  arm-spines  and  moch 
nailer  roanded  and  sharp  granules  on  the  disk.  It  was  taken 
It  station  2035,  in  208S  fathoms. 

A  curious  orange  species  of  Hemieuryale  (H.  ienuispina  V., 
iormerly  Astronyx  ienuisptnaY.)^  always  occurs  on  tkUroptiium 
igans  in  1862  to  1608  fathoms.  The  disk  and  arms  are  cov- 
ered with  thin,  rounded  scales,  not  easily  seen  until  dried,  and 
I  row  of  projecting  plates  runs  along  each  side  of  the  arms 
ibove. 


Abt.  XXIII. — Note  on  a  Fossil  Coal  Plant  found  at  the 
Orap/nte  deposit  in  Mica  schist,  at  Worcester^  Mass. ;  by 
Joseph  H.  JPerry. 

In  the  eastern  part  of  Worcester,  there  is  a  granite  knoll 
rising  about  three  hundred  feet  above  the  surrounding  country, 
and  surrounded  on  all  sides  by  the  formation  referred  to  by 
Professor  Edward  Hitchcock  as  mica  slate  or  mica  schist  In 
this  mica  scliist  is  contained  the  coal  deposit  of  Worcester  as 
to  whose  age  there  has  been  much  doubt.  Professor  E.  Ilitch- 
eock  believed  it  to  be  much  earlier  than  the  coal  formation  at 
IfansOeld  and  Wrentham;  and  Professor  C.  H.  Hitchcock 
migns  the  mica  schist  to  the  Huronian. 

I  have  recently  found  at  the  coal  mine  two  specimens  of  a 
fossil  coal  plant  of  the  genus  Lepidodendron,  tlie  largest  about 
€%lueen  inches  lonff  and  six  wide.     The  whole  of  one  surface 
of  the  specimen  and  the  larger  part  of  the  other  are  covered 
with  the  narrow  rhombic  scars,  which  where  most  distinct  are 
ibout  an  inch  long.     The  specimen  has  been  examined   by 
Professor  J.  D.  Dana,  by  whom  photographs  were  sent  to  Pro- 
fessor Lesquereux.     The  latter  referred  the  fossil  to  the  very 
are  species  ^^Lepidodendron  {Sagenaria)  acuminatum  of  Gcep- 
pcrt  (Foss.  Fl.  d.  Uebergnngsgebirge,  1852,  p.  185,  pi.   xxxiii), 
■  partly,  especially  fig.  4,  which  however  does  not  give  so  good 
:  I  representation  of  the  plant  as  the  figure  in  Heer's  Culm  Fl., 
p  ji  291,  plate  xxii,  fig.  4  ;'*  and  he  adds  :  **  the  specimen  (photo- 
[  ppb)  is  the  first  I  have  seen  from  America ;    the  specimens 
:  from  which  Goeppert  made  the  species  were  from  the  Carbon- 
;  iferoQS  limestone  of  Silesia."     He  also  says:  ** It  is  very  much 
Bke  a  variety  of  the  old  and   most  common   Lepidodendron 
Vtltheimianum  Sternb. ;    but  it  shows  a  marked   diff'erence  in 
the  disposition  of  the  scars  (cicatrices)  to  be  arranged  in  a  verti- 

anni,  long  and  slender,  somewhat  tbomy.  Mouth>papillffi  unequal,  mostly  slen- 
^,  epiniform,  crowded  outwardly,  about  6  to  9  on  each  side  of  a  jaw.  Mouth- 
ihieldj  4-lobed,  the  inner  end  ^ngulated.  Tentacle-scale  lurge,  flat;  inner  ones 
^btuM,  others  lanceolate.    Diameter  of  disk  li'^'". 
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cal  direction,  forming  ribs  like  those'ot'Sigillaria.**  Tbese  ribt 
are  really  long  spiral,  and  Lesquereux,  althoagh  he  has  ob* 
served  the  same  in  another  species,  (jaeries  whether  they  are 
normal  or  not  The  Garboni&rous  limestone  of  Silesia  corr^ 
sponds  (as  I  am  informed  by  Professor^Dana)  to  the  American 
Subcarboniferous. 


N.  W.  MicaScbUt.  Grmnite.  MiCASelilBt.  OiMlflS.        8.1. 

The  section  represented  in  the  accompanying  figure  has  in 
the  center  the  granite  knoll,  and  extends  to  the  northwest  onlj 
far  enough  to  show  the  mica  schist  resting  against  the  ffraDitft 
To  the  southeast  the  section  cuts  through  the  mica  schist  into  j 
the  gneiss  which  lies  to  the  east  and  southeast  toward  Mans- 
field and  Wrentham.  The  gneiss  and  mica  schist  are  conform- 
able, having  a  general  strike  northeast  and  southwest,  and 
where  the  section  was  made  a  dip  of  75^  to  85^  to  the  north- 
west inclined  away  from  the  granite. 

The  outcrop  of  the  coal-bearing  strata  of  the  mica  schist  if 
about  half  a  mile  northeast  from  the  top  of  the  granite  knolL 
Here  the  strike  is  northwest  by  southeast  at  about  right  anglei 
to  the  strike  of  the  mica  schist  outcropping  not  more  than  an 
eighth  of  a  mile  distant  to  the  east.  The  dip  is  about  50^  to 
the  northeast,  the  strata  leaning  toward  the  granite.  The  fact 
that  the  same  rock,  identified  by  peculiar  markings  as  well  as 
by  constitution,  varies  so  greatly  in  dip  and  strike  within  so 
short  a  distance,  indicates  an  additional  disturbance  to  that 
which  tilted  the  whole  mica  schist  and  gneiss  to  their  present 
position  and  transformed  them  to  their  present  condition.  This 
additional  disturbance  was  the  forcing  up  from  beneath  of  the 
granite  knoll,  breaking  or  bending  the  strata  to  the  northeast 
and  north,  away  from  that  to  the  east.  This  thorough  working 
over  of  the  rocks  containing  the  carboniferous  deposit  has 
transformed  this  deposit  for  the  most  part  into  graphite ;  and  in 
the  specimen,  mentioned  above,  the  carbon  is  in  Ihe  form  of 
graphite  though  the  scars  of  the  plant  are  distinctly  preserved. 

It  is  my  purpose  to  follow  the  rocks  to  the  southeast  and 
then  to  the  west  during  the  next  season.  So  far  as  I  have  gone, 
I  find  my  results  agreeing  quite  closely  with  those  of  Professor 
E.  Ilitchcock. 

High  School,  Worcester,  Mass. 
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.  XXIV.— 7%tf  Test  Wen  in  the  Oarhonifennis  Formation  at 
rownvUle^  Nebraska;  by  Professor  L.  £.  HiCKS  of  the  Uni- 
miij  of  Nebraska. 

^  has  long  been  a  mooted  question,  both  in  the  minds  of 
ogists  and  of  practical  miners,  whether  there  is  coal  in 
>raska  that  will  pay  for  mining.  The  citizens  of  Brownville, 
laha  coonty,  have  been  making  a  practical  test  of  this  mat- 
lor  which  they  deserve  much  credit,  since  their  test  well  has 
ight  to  light  facts  of  great  scientific  interest  and  value  irre- 
itive  of  the  economical  results. 

he  boring  was  begun  at  an  elevation  of  919  feet  above  the 
tl  of  the  sea,  and  carried  to  the  depth  of  1,000  feet  10  inches, 
81  feet  10  inches  below  sea  level.  The  surface  rocks  at 
wnville  are  Upper  Carboniferous  and  show  traces  of  coal, 
for  instance,  in  the  west  bank  of  the  Missouri  river  just 
ve  the  railway  station.  The  drill  penetrated  the  Lower 
1  Measures  but  did  not  pass  through  them.  These  are  the 
luctive  measures  of  the  Carboniferous  in  Iowa  and  in  the 
les  farther  east.  Here,  therefore,  is  the  place  to  find  coal  if 
nists  at  all  in  paying  quantities  in  Nebraska.  The  only 
n  found  in  the  Lower  Coal  Measures  was  one  of  bituminous 
I  of  fair  quality,  30  inches  in  thickness,  at  a  depth  of  820 
8  inches.  The  boring  was  carried  180  feet  farther  without 
^untering  any  more  coal.  Below  the  thirty  inch  seam  noth- 
wos  encountered  but  the  shales,  limestones  and  sandstones 
narily  found  in  the  Lower  Coal  Measures.  This  renders  it 
robable  that  any  more  coal  would  be  found  at  greater 
ths,  although  the  demonstration  would  have  been  more 
iplete  if  the  hole  had  been  put  down  one  or  two  hundred 
deeper. 

tbove  the  thirty  inch  seam  three  other  thin  seams  were 
id;  one  8  inches  thick  at  a  depth  of  93  feet,  another  14 
les  thick  at  a  depth  of  242  feet,  and  a  third  10  inches 
k  at  a  depth  of  376  feet.  These  evidently  belong  to 
Upper  Coal  Measures,  as  there  is  an  interval  of  nearly  400 
of  barren  rocks  between  them  and  the  thirty  inch  seam, 
nediatelv  below  the  14  inch  seam  is  a  stratum  of  sandstone 
feet  thick  containing  water  strongly  impregnated  with  salt 
I  other  minerals  in  solution,  which  fiowed  out  at  the  top  of 
well. 

W^hether  the  thirty  inch  seam  can  be  profitably  worked  at  a 
pth  of  820  feet  is  a  question  for  the  practical  miner  rather 
an  for  the  geologist,  it  would  at  once  be  answered  in  the 
^tive  where  fuel  is  plenty,   but  in  this  land  of  prairies  and 
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magnificent  distances  from  productive  mines  the  answer  is  not 
so  much  a  matter  of  course. 

I  have  a  complete  record  of  all  the  strata  encountered,  to  the 
number  of  sixty-two,  and  will  cheerfully  furnish  it  upon  appli* 
cation. 


Art.   XXV.— flfevipw;  of  HiWs  Supplement  io  Ddaunay;  by 

John  N.  Stockwell. 

Astronomers  in  all  parts  of  the  world  are  always  delighted 
on  the  appearance  of  any  and  all  papers  which  are  issued  from 
the  office  of  the  American  Epbemeris.  A  distinguishing  char- 
acteristic of  all  these  papers  is  the  exhaustiveness  with  which 
the  subjects  deemed  worthy  of  consideration  are  analyzed  and 
discussed.      Commencing  in   the  year  1879,   soon   after  the 

E resent  eminent    mathematician    and    astronomer,    Professor 
fewcomb,  became  its  Superintendent,  a  series  of  papers  have 
been  issued  which  embrace  a  wide  variety  of  interesting  astro- 
nomical subjects ;  and  the  ability  which  has  been  displayed  ia 
the  preparation  of  these  papers  has  gained  for  them  a  world- 
wide reputation.     I  was  therefore  unusually  interested  ialhe 
one  which  has  recently  appeared,  entitled,  "  A  Supplement  lo 
Delaunay's  Lunar  Theory,  by  G.  W.  Hill,  Assistant  Americaa 
Ephemeris ;"  because  it  contained  an  investigation  of  a  prob- 
lem on  which  I  had  already  bestowed  much  attention.     From. 
the  vast  extent  to  which  the  solution  of  the  problem  has  beec* 
carried,  it  is  evident  that  the  eminent  author  was  determine^ 
that  the  past  reputation  of  these  papers  should  suffer  no  detri  - 
ment  from  this.     The  investigation  covers  136  lar^e  quart>^ 
pages,  and  gives  165  inequalities  in  the  longitude,  209  inequa^ 
ities  in  the  latitude  and  five  inequalities  in  the  radius  vector 
all  of  which  are  said  to  be  correct  to  quantities  of  the  scvent  ^ 
order.     Of  these  374  inequalities  in  the  longitude  and  latitude 
only  seventeen  exceed  one-twentieth  of  a  second  of  arc ;  an  ^ 
only  two  exceed  one  second.     The  vast  development,  however 
shows  the  thoroughness  with  which  the  work  was  intended 
be  done,  and  if  it  is  not  what  Mr.  Hill  claims  for  it  in  point 
accuracy  it  i»  owing  to  some  oversight  rather  than  to  delibera 
neglect  of  any  known  cause  of  perturbation. 

I  do  not  purpose,  however,  to  speak  of  the  results  of  th^ — 
solution  which  are  common  to  all  the  solutions  of  this  problem 
which  T  have  seen,  further  than  to  say  that  it  contains  the  sanr^ 
manifest  absurdity  in  the  principal  equation  of  the  latitudu^ 
namely,  that  it  makes  the  coefficient  of  this  inequality  direct 
proportional  to  the  cube  of  the  sun's  distance  from  the  eart" 
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ym  which  it  follows  that  were  the  earth  and  moon  to  revolve 
ound  the  sun  in  their  present  relations  to  each  other,  but  at 
e  distance  of  Neptune,  the  inequality  would  be  more  than 
r,000  times  greater  than  at  present.  This  single  fact  ought  to 
istify  the  suspicion  that  possibly  the  entire  solution  is  erro- 
^u&  This  result  cannot  be  regarded  as  an  oversight,  but 
kther  as  a  faulty  solution,  the  origin  of  which  it  is  easy  to 
Kplain. 

But  I  find  on  careful  examination  that  there  has  indeed  been 

remarkable  oversight  committed  in  the  developments  of  this 
rork,  and  that  not  more  than  two  of  the  inequalities,  if  indeed 
ny  of  them  are  deserving  of  any  confidence  in  point  of  accu- 
acy ;  nor  can  these  two  be  correct  to  terms  of  a  higher  order 
ban  the  third  or  fourth. 

In  Older  to  give  a  general  explanation  of  the  oversight  which 
leems  to  have  been  commiitea  in  this  work,  I  would  observe 
bat  Mr.  Hill  has  first  determined  the  disturbing  force  which 
8  due  to  the  earth's  figure  on  the  supposition  that  the  moon's 
notions  are  not  aflfected  by  the  sun  s  attraction.  The  real 
listurbing  force  of  the  earth  is,  however,  a  function  not  only 
i  the  earth's  figure,  but  ateo  of  the  moon's  coordinates,  and 
ioce  the  moon's  coordinates  are  affected  by  the  sun's  attrac- 
OD,  it  follows  that  there  must  be  a  modi6cation  of  the  earth's 
)rce  arising  from  that  cause.  This  effect  of  the  sun  Mr. 
ill  has  correctly  allowed  for,  and  it  would  therefore  Siem 
.  first  view,  that  if  he  has  allowed  for  the  earth's  force  and 
so  for  its  modification  by  the  sun's  action,  that  the  whole 
feet  of  the  earth's  figure  on  the  moon's  motion  would  be 
jcurately  determined  by  bis  investigation.  But  in  reality  the 
m  s  disturbing  force  is  modified  by  the  earth's  figure  to  terms 
'  the  same  order  as  those  by  which  the  earth's  lorce  is  modi- 
jd  by  the  sun's  attraction.  It  is  therefore  necessary  to  con- 
der  these  terms  if  we  propose  to  carry  the  approximations  to 
mis  of  the  order  of  the  products  of  the  disturbing  masses, 
ut  these  terras  Mr.  Hill  has  entirely  omitted  ;  and  hence  it  fol- 
ws  that  all  the  terms  of  the  order  of  the  products  of  the 
isturbing  masses  in  his  investigation  must  necessarily  be 
Toneous,  no  matter  to  what  extent  the  development  in  terms 
[the  eccentricity  and  inclination  may  be  carried. 

It  may,  however,  be  more  satisfactory  to  mathematicians  to 
ave  ihe  preceding  statements  translated  into  symbolic  lan- 
;uage.  For  this  purpose  let  us  put  R,  and  R^  for  the  disturb- 
ng  functions  due  to  the  earth  and  sun  respectively,  and  also 
put  E  for  the  total  disturbing  function,  we  shall  have 

R  =  R,  +  R»  (1) 

But  since  R  is  a  function  of  the  moon's  coordinates  r,  v  and 
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0,  we  shall  have  the  whole  variation  of  B  doe  to  any  variatioBi 
in  the  coordinates  by  means  of  the  equation 


Now  3rj  du  and  SO  denote  the  total  perturbations  of  the  coft- 
dinates;  they  must  therefore  be  the  sums  of  the  perturbations 
arising  from  the  action  of  the  earth  and  sun.  I'utting  there- 
fore d^r,  ^,r,  d;v,  d^Vj  dfi^  8J9  for  the  variations  arising  from  the 
action  of  the  earth  and  sun  respectively,  we  shall  have 

6r=6^r+d^r    6v=6^v+6;o    6e^6fi+6fi  (8) 

If  we  substitute  these  values  of  dr^  dv  and  dO  in  equation  (2)^ 
and  retain  only  the  terms  depending  on  the  products  of  the 
masses,  we  shall  find, 

Now  Mr.  Hill  has  taken  account  of  only  the  first  three  terms 
of  this  equation  and  has  omitted  all  consideration  of  the  last 
three.     But  if  Mr.  Hill's  values  of  5,r,  d^v^  dJ9  are  correct,  thes^ 
last  three  terms  are  of  much  more  importance  than  the  fir^t 
three.     Indeed  it  is  one  of  the  curiosities  or  rather  paradox^* 
of  the  whole  theory,  that,  if  Mr.  Hill's  value  of  ^^r,  o^v^  djd  t>^ 
substituted  in  the  last  equation  the  value  of  ^R  will  be  eqa^* 
to  — Ro»  ^^^  ^^^  whole  disturbing  function   arising  from  tt^^ 
earth's  figure  will  vanish;  at  least  as  far  as  the  terms  depencS' 
ing  on  the  coefiicient  /?,  of  Mr.  Hill's  work  are  concerned,  am^ 
hence  all  the  inequalities  depending  on  that  coefiicient  ought  t^ 
vanish  also.     But  if  the  values  of  d^r,  3^v  and  d^O  which  I  ha^^ 
determined,  are  substituted  in  the  last  three  terms  of  equation 
(4)  we  get  rational  and  consistent  values,  of  the  same  order  O^ 
magnitude  as  Mr.  Hill  has  derived  from  the  first  three  term^- 
This  is  a  strong  corroboration  of  the  statement  which  I  mac^* 
at  the  Philadelphia  meeting  of  the  American  Association  i*" 
September,  namely,  that  the  computed  values  of  the  lun^' 
inequalities  arising  from  the  earth^s  figure  are  erroneous. 

This  fundamental  defect  in    the  theory,   to  which  I  ha^^® 
called  attention,  renders  it  entirely  valueless  as  a  8oienti£<2 
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dedaction,  so  that  a  more  detailed  analysis  of  tbe  work  is  on- 
necessary  in  this  place;  but  there  is  one  point  of  especial 
Dterest  to  which  I  would  like  to  call  attention,  and  that  is  the 
lecolar  equation  of  the  longitude  which  depends  on  the 
obliquity  of  the  ecliptic.  By  referring  the  equator  and  the 
noon's  coordinates  to  a  fixed  plane  instead  of  to  the  variable 
cliptic,  Mr.  Hill  has  seemingly  obtained  a  solution  which  is 
ree  from  secular  terms,  but,  if  we  remember  that  in  this  case 
he  inclination  of  the  orbit  becomes  variable  to  the  same 
stent  as  the  obliquity  of  the  ecliptic  in  my  solution,  we  shall 
obtain  precisely  the  same  secular  equation.  La  Place,  nearly 
k  hundred  years  ago,  called  attention  to  the  fact  that  the  secular 
notion  of  the  ecliptic  produced  a  secular  change  in  the  moon's 
ieclination,  and  since  this  declination  is  the  principal  variable 
quantity  in  ihe  expression  of  the  earth's  disturbing  force,  it 
seems  strange  that  Mr.  Hill  should  have  entirely  overlooked 
one  of  its  most  obvious  consequences. 

Although  the  defect  to  which  I  have  called  attention  renders 
the  work  of  no  value  as  a  scientific  deduction,  it  is  never- 
theless really  valuable  on  account  of  the  elegance  and  sym- 
metry which  pervades  its  vast  expansion ;  and  it  may  be 
examined  with  great  advantage  by  the  matured  mathematician 
M  well  as  by  the  younger  student  of  celestial  mechanics. 

Cleveland,  Nov.  8,  1884. 


SCIENTIFIC     INTELLIGENCE. 

I.   Chemistry  and  Physics. 

J.  On  the  Relation  between  the  Velocity  of  Evaporation  of 
^uids  and  their  Molecular  weights, — Sciiall  has  continued  his 
searches  upon  the  connection  between  the  time  of  evaporation  of 
juids  and  their  molecular  weights.*  In  place  of  measuring  the 
crease  in  the  vapor  vohime,  he  has  now  measured  the  time 
quired  for  the  liquid  to  diminish  by  a  given  amount.  The 
iparatas  ^a  figure  of  which  is  given)  consists  of  a  bent  tube 
xefuUy  calibrated,  to  hold  the  liquid,  enclosed  in  a  flask  coii- 
.iiiing  a  suitable  vapor  in  contact  with  its  liquid  as  a  source  of 
»at.  The  progress  of  the  evaporation  was  observed  with  a 
Ubetometer.  In  order  to  determine  the  density  of  the  liquids 
Bed,  at  their  boiling  points,  a  specific  gravity  flask  filled  with  the 
iquid  was  placed  in  a  cylinder  containing  the  same  liquid  in 
{bulUtion.  When  the  liquid  had  reached  the  required  tempera- 
.\ire,  tke   sp.    gr.   flask  was  closed  with  a  tight-fitting  stopper, 

*  This  Journal,  III,  xxvii,  233,  March,  1884. 
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cooled  and  weighed.    TakiDg  the  liquids  in  pairs,  the  moleenlai 

weight  of  either  one  is  calculable  by  the  formula  m^  yin 

which  m,  D  and  t  represent  the  molecular  weight,  the  density  tl 
the  boiling  point  and  the  time  of  evaporation  respectively.  Tbni 
for  aniline  D=  0*8731  and  for  phenol  D'  =  0*9208.  In  two  ex- 
periments t  for  the  former  was  3*8  minutes  and  f  for  the  latter  3*9 
minutes.    Since  the  molecular  weight  of  phenol  is  94,  the  molecalsr 

.   1.      /.      .1-             94X0*8731X3*9       ^,  ,«      m  . 

weight  of  aniline  =  — Q.g20BX^'S =^^'*®-     ^^^  otherexpen- 

ments  gave  91*91,  the  calculated  value  being  93.  So,  calculating 
the  molecular  weight  of  phenol,  the  values  95*57,  95-11,  95*11 
were  obtained  ;  the  calculated  molecular  weight  being  94.  Ben- 
zoyl chloride  (140*5)  and  ethyl  benzoate  (150)  gave  for  the  former 
the  values  144*3  and  144*5;  and  for  the  latter  145*7  and  145*1 
Twenty-four  similar  pairs  of  liquids  were  examined  with  corres- 
pondingly close  results.  The  following  are  the  conclusions  pf  the 
paper:  1st,  when  liquids  are  evaporated  in  their  own  vapors,  the 
times  of  evaporation  of  equal  weights  are  inversely  proportional 
to  their  molecular  weights.  2d,  the  latent  heats  of  evaporation 
are  proportional  to  the  times  of  evaporation  of  equal  weights  of 
the  liquids.  3d,  at  the  boiling  point,  liquid  acetic  acid  has  the 
molecular  weight  89*8  and  formic  acid,  69. — Ber.  BerL  Chm, 
Oe8,y  xvii,  2199,  October,  1884.  G.  p.  b. 

2.  On  the  Quantitative  determination  of  Metals  by  EUctrolynL 
— In  a  third  paper  on  this  sulgect,  Classen  gives  the  results  of  his 
expei-iments  on  the  quantitative  electrolysis  of  metallic  solatioos 
by  means  of  the  magneto-electric  current.  For  this  purpose  be 
uses  a  small  Siemens  dynamo,  driven  from  a  counter-shaft  as 
usual.  This  counter-shaft  however  has  a  cone  pulley  and  is  driven 
from  another  counter-shaft  having  upon  it  a  similar  cone  pullej 
and  also  a  fast  and  loose  pulley,  over  which  runs  the  belt  froi3Q 
the  main  shaft.  By  this  arrangement  the  speed  of  the  d]^namo  m^} 
be  varied  at  pleasure  from  100  to  700  revolutions  per  minute.  1^! 
means  of  a  resistance  box,  placed  in  the  main  circuit,  the  coils  ^ 
which  vary  from  0*01  to  3  ohms  the  current-strength  may  also  1> 
varied.  So  that  by  both  these  arrangements  the  author  has  coi^ 
mand  of  a  current  varying  at  will  from  0*02  to  7*46  amperes.  O 
a  vertical  rod  connected  with  the  negative  electrode  is  a  ring  f^ 
supporting  tlie  platinum  dish  containing  the  solution.  An  af< 
sliding  on  the  same  rod,  but  insulated  from  it,  supports  the  positi^ 
electrode.  The  platinum  dish  used  weighs  from  35  to  37  grams,  i 
9  cm.  in  diameter  and  4*2  cm.  deep  and  holds  about  225  c.c.  wat€*J 
Care  is  required  to  have  it  perfectly  smooth  and  clean.  For  tb 
determination  of  co[)per  and  of  cadmium  the  double  ammonioD 
oxalate  solution  is  preferred.  The  current  used  should  be  abou 
0*02  ampere,  such  as  would  be  obtained  by  joining  two  Bunsen  c^^Ui 
in  parallel  circuit.  The  separation  is  complete  in  from  ten  tc 
twelve  hours  for  about  0*15  grm.  copper,  the  end  reaction  beinj 
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^imiDed  by  ferrocyanide.    For  0*1425  grm.  of  copper  used  in 

experiments  the  process  gave  01425  grm.  in  four  and  0*1420 

wo.     In  the  case  of  cadmium,  0*1235,  0*1480, 0*2885  grms.  were 

i  and  0*12325,  0*1470  and  0*J380  recovered.    For  Uie  separa- 

1  of  iron  aud  copper,  solutions  of  iron  alum  and  copper  sulphate 

e  mixed  with  ammonium  oxalate  in  excess,  and  elcctrolyzed. 

er   the  copper  was  separated,  more  ammonium  oxalate  was 

lolved  in  the  solution  and  the  iron  thrown  down  electrol}  tically. 

>per  was  separated  from  cobalt  and  nickel  in  the  same  way ; 

ilso  from  chromium,  magnesium,  aluminum,  manganese   and 

),     In  the  latter  case  the  solution  is  made  acid  with  sulphuric 

L     For  the  precipitation  of  antimony,  its  solution  in  sodium 

losulphide  free  from   polysulphide  is  used.     Tin   gives  good 

ilts  when  thrown  down  from  solution  in  ammonium  sulphide. 

tinum  is  readily  estimated  quantitatively  by  electrolyziug  its 

ition  in  hydrochloric  acid  or  ammonium  oxalate  with  a  current 

balf  the  above  strength.     The  author  gives  the  results  of  the 

itrolytic  separation   of  iron    from   cobalt,   nickel,   zinc   and 

niura,  of  zinc  from  chromium  and  uranium,  of  cobalt  from 

omium,  all  of  which  are  accurate. — Ber.  BerL  Chem.  Oes.,  xvii, 

7,  Nov.  1884.  G.  p.  B. 

.   On  the  Specific  Chravity  of  Monohydrated  Sulphuric  acid, — 

NDBLEJEFF  has  rcvicwcd  all  tl)e  determinations  which  have 

n  made  of  the  specitic  gravity  of  sulphuric  acid  monohydrate, 

I  concludes  that  those  of  Marignac  in  1853,  giving  1*8372,  of 

hlrausch  in  1876  giving  1*8373,  of  Scheilel  in  1882  giving  18371, 

ich  agree  with  those  made  by  him  in  1884  giving  1*8371,  all  at 

/4°  in  vacuo,  are  the  more  probably  correct,  since  they  agree  to 

)Q2.—Ber.  BerL  Chem,  Ges.^  xvii,  2536,  Nov.  1884.      o.  f.  b. 

.    On   Octosulphatea, — Wkber  has  succeeded  in   preparing   a 

es  of  sulphates  which  are  perfectly  definite  and  which  contain 

?ry  large  proportion  of  the  acid  radical.     For  the  preparation 

he  potassium  salt,  one  leg  of  a  U  tube  is  filled  with  pure  sul- 

ric  oxide  and  the  other  with  perfectly  dry  potassium  sulphate. 

J  tube  is  then  sealed,  inverted  and  slowly  heated  in  a  water  bath. 

nbination  takes  place  and  two  layers  of  liquid  appear  in  the 

e.     By   slow  cooling,  beautiful  well-formed  crystals  separate 

n  the  lower  layer,  apparently  quadratic  in  form.     The  tube  is 

7  opened  and  the  still  liquid  oxide  poured  off.     It  is  then  again 

led,  heated  to  fuse  the  crystals,  allowed  to  cool  and  the  liquid 

ie   again    poured    off ;   the  operation  being  repeated  till  the 

stals  are  free  from  oxide.     The  composition  of  these  crystals 

\  determined  by  synthesis,  a  weighed  quantity  of  potassium 

)hate    being  used.     When  0*3455  grm.  K,SO^  was  used,  the 

jlting   compound  weighed   1*488  grams;  showing  that  76*78 

cent,  of  it  was  sulphuric  o.xide.     This  corresponds  to  the  for- 

la  K/)  .  (SO,)^  or  K^SO^ .  (SO,),.     Similar  8ulj)hates  were  ob- 

led  with  rubidium,  caesium,  ammonium  and  thallium.     Sodium, 

lium  and  silver  did  not  appear  to  form   them,  at  least  not 

dily. — Ber.  BerL  Chem,  Gea.y  xvii,  2497,  Nov.  1884.      G.  f.  b. 
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6.  On  the  Separation  of  Arsenic  from  7Hn  and  Antifnany.^^Ai 
the  suggestion  of  Classen,  Hufschmidt  has  made  a  series  of  ex- 
periments on  the  separation  of  arsenic  from  antimony  and  tiD  by 
distillation  of  its  chloride.  He  finds  that  if  the  arsenical  solutioo 
is  brought  to  about  250  c.c.  by  the  addition  of  concentrated  hydro- 
chloric acid  and  then  completely  saturated  with  HCi  gas  and  dis- 
tilled in  a  current  of  this  gas,  the  volatility  of  the  arsenous  chloride 
is  such  that  nearly  the  whole  of  it  is  removed  before  the  first 
drops  of  distillate  enter  the  receiver.  After  about  60  c.c.  of  the 
distillate  has  collected  in  the  receiver,  no  trace  of  arsenic  -can  be 
detected  in  the  subsequent  portions.  To  condense  this  very  volt- 
tile  body  a  Woulfe's  bottle  of  about  900  c.c.  is  used  as  a  receiver, 
containing  from  300  to  400  c.c.  of  water  or  of  potassium  hydrate 
solution  of  sp.  gr.  1*1  to  1*2.  The  results  of  the  separations  effected 
by  this  method  which  are  given  seem  to  be  entirely  satisfactory. 
— Ber.  BerL  Chem.  Ges.^  xvii,  2246,  Oct.  1884.  g.  p.  b. 

6.  On  the  Purification  of  Arseniferous  Zinc, — L'HSte  has 
examined  for  arsenic  the  commercial  zincs  found  in  France,  and 
finds,  for  one  kilogram  of  sheet  zinc,  Vieille-Montngnc,  36^  30  and 
20  milligrams  arsenic  in  three  samples,  Harflenr  10*5  mgrms.,  and 
Company  Asturienne  2tJ  milligrams.     The  slab  zinc,  Vieille-Mon- 
tagne  and  Silesia,  gave  only  traces.     In  order  to  pui*ify  this  arsen- 
iferous  zinc  the  author  recommends  to  project  into  tho  melted 
metal  one  to  one  and  a  half  per  cent  of  anhydrous  magnesium 
chloride.     On  stirring,  white  fumes  of  zinc  chloride  mixed  with 
arsenous  chloride  are  evolved.     If  now  the  metal  be  poured  into 
water  to  granulate  it,  the  zinc  obtained  is  free  from  arsenic  and — 
is  readily  attackable  by  one-tenth  sulphuric  acid.     The  same  pro — 
cess  will  free  zinc  from  antimony. — Ann,  Chim.  Phys.^  VI,  iii— 
141,  Sept.  1884.  G.  F.  B. 

7.  On   Perseite^   a  new   Sugar, — Muntz   and  Mabcano  hav^ 
described  a  new  sugar  obtained   from   the  seeds  of  the  Launr^ 
persea,  a  tree  growing  in  the  tropics.     This  sugar  had  been  ot^ 
served  by  Avequin  in  1831,  and  by  Melsens  later;  but  it  was  b" 
them  supposed  to  be  mannite.     It  is  extracted  by  boiling  alcohcz= 

from  which  it  crystallizes  on  cooling.     Analysis  gives  it  the  fo 

mula   C,,H,^0,„   isomeric   with  mannite.     Its  point  of  fusion 
183*5°-184*,  while  that  of  mannite  is  20°  lower.     It  is  very  sob 
ble  in  hot,  less  so  in  cold  water.     Even  in  concentrated  soluti< 
it  has  no  action  in  the  polarimeter.     On  adding  borax  however 
a  4  per  cent  solution  it  gave  a  rotation  to  the  right  of  0*55®. 
does  not  reduce  copper  solutions  and  is  not  fermentable.     Boilii 
nitric  acid  converts  it  into  oxalic  acid,  without  the  production 
mucic  acid.     A  mixture  of  strong  nitric  and  sulphuric  acids  giv 
a  trinitro-perseite  which  detonates  violently  by  a  blow  and  spc 
taneously   decomposes. — Attn,   Chim,  Phys,^  VI,   iii,    179,   Oi 
1 884.  G.  P.  R 

8.  Synthesis  of  a  Coloring  matter  resembling  that  of  Litmus,^ — 
Tbaub  and  Hock  have  shown  that  when  resorcin  is  beated  wm  tl 
a  small  quantity  of  sodium  nitrite  and  some  water  to  a  tempe 


^ 
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lot  exceeding  150°,  a  deep  blae  color  is  developed,  which 
I  its  properties  a  very  close  resemblance  to  that  of  litmus, 
kdily  becomes  red  on  the  addition  of  acids  and  is  very  sensi- 
aa  mn  indicator  for  titrition.  In  alkali-solution  it  shows  a 
1  band  in  its  spectrum  near  the  line  D  which  shades  off  to- 
EL  In  acid  solution,  it  cuts  off  the  more  refrangible  portions 
J  spectrum. — Ber.  BerL  Chem,  Oes.^  xvii,  2616.  g.  f.  b. 
Use  of  the  induction  Spark  in  Spectrum  Analysis. — M. 
iRg.vT  has  modi^d  the  method  of  M.  Lecoq  de  Boisbaudran 
Qploying  an  induction  coil  made  of  comparatively  large  and 

wire.  By  means  of  this  induction  coil  atmospheric  lines 
ic  second  order  are  not  obtained  and  rarely  the  nebulous 
3  of  azf>te  or  the  lines  of  the  electrodes.  The  spark  has 
ienlly  high  temperature  to  give  the  spectra  of  all  the  known 
mts  without  the  employment  of  strong  currents.  The  coil 
oyed  by  M.  Demar9ay  under  the  action  of  6  to  9  bichromate 
(zincs  0"*10  to  0"'M6)  coupled  2  or  3  for  quantity  and  8  for 
[)n  gave  a  spnrk  of  6"*".  The  inner  diameter  of  the  bobbin 
)™*il5  and  Us  length  was  0°-23.  The  diameter  of  the  wire 
e  primary  was  l"**",  it  weighed  l*«-320  and  was  coiled  in  two 
s.  The  diameter  of  the  wire  of  the  secondary  coil  was  also 
ind  it  weifijhed  3^?-400.  The  bundle  of  iron  wires  was  27"*"* 
imi'ter  and  weighed  680*^^.  The  condenser  was  three  times  the 
nsions  usually  employed  with  induction  coils  of  this  size. 
miptes  Bendus,  Dec.  8,  1884,  p.  1022.  j.  t. 

.  ±^ect  of  the  Magnetic  field  upon  Light. — Cornu  in  a  math- 
ical  paper  gives  his  reasons  for  believing  that  a  double 
ction  of  a  peculiar  nature  exists  in  a  magnetic  field  in  a 
lion  at  right  angles  to  the  lines  of  force.  This  double  refrac- 
has  not  yet  been  obsei*ved ;  but  Cornu  shows  that  the  quan- 
0  be  observed  is  of  the  order  of  dimension  of  a  wave  length 
Might  therefore  to  be  detected  with  the  powerful  means  now 
T  command. —  Comptes  Bendu.'f,  Dec.  15,  1884.  j.  t. 

.  A  new  Galvanometer. — J.  Rosenthal  describes  a  new  form 
Ivanoraeter  which  is  said  to  have  great  range  and  great  sonsi- 
ess,  and  is  made  by  Edelmann,  of  Munich,  for  :u)out  forty 
rs.  Its  novelty  consists  in  the  needle  which  is  a  horse-shoe 
let  suspended  by  a  long  fiber  attached  to  its  neutral  point, 
poles  of  the  magnet  are  provided  with  horizontal  pole  pieces, 
h  are  quad  ran  tal  arcs  of  a  circle  the  center  of  which  lies  in 
xis  of  suspension  of  the  horee-shoe.     These  pole  pieces  can 

within  the  axis  of  two  galvanometer  bobbins  placed  on 
site  sides  of  the  vertical  plane  of  the  horse-shoe  when  the 
J  coincides  with  the  inaccnetic  meridian.  When  an  electric 
fut  passes  through  the  coils,  these  pole  pieces  are  respectively 
n  in  and  repelled  by  the  two  bobbins.  In  this  way  the  poles 
e  magnet  can  be  brought  v'ery  near  the  center  of  the  coils, 
nthal  gives  the  results  of  various  measurements  which  he 
iiade  to  test  the  sensitiveness  of  this  instrument.  Without 
^usation    by   an    exterior  magnet   O'l'""*   deflection   corres- 
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54 
ponds  at  a  scale  distance  of  2700""  to  — ,-,  of  an  ampere.  With  j 

12 
compensating    magnet  o-l""  deflection  to  -  ,^  of  an  ampere.    A 

difference  of  10°  C.  between  the  junctions  of  one  german  silver 
and  iron  therrao-element  gives  a  deflection  of  120"°  through  1000 
ohms  resistance  at  a  scale  distance  of  2700"". — AnncUen  der 
Phyaik  und  Chemie^  No.  12,  1884,  pp.  677-686.  J.  T. 

12.  Electrical  resistance  of  microphone  contacts  during  move- 
ment— The  theory  of  the  action  of  the  microphone  is  still  little 
understood.  Otto  Boekroan,  in  his  paper,  gives  the  results  of 
many  measurements  upon  polished  carbon  contacts  with  different 
current  strengths,  and  with  varying  pressure  upon  the  contacts. 
The  results  are  expressed  graphically,  and  the  author  concludes 
that  the  resistance  of  polished  carbon  contacts,  under  constant 
pressure  and  with  constant  current  strengths,  is  smaller  during 
movement  than  during  rest.  After  cessation  of  the  movement 
the  contacts  return  to  their  original  resistance.  The  difference 
between  the  resistance  of  movement,  and  that  of  rest  is  greater, 
the  greater  the  original  resistance — or  which  is  the  same  thiDg— 
the  less  the  original  pressure.  The  resistance  of  movement  with 
constant  pressure  and  decreasing  strength  of  current  increases 
and  returns  to  its  original  amount,  after  cessation  of  movement 
The  resistance  decreases  with  diminished  movement  and  dimin- 
ished strength  of  tone  of  the  tuning  fork  interrupter,  the  pressure 
and  the  strength  of  the  electrical  current  remaining  the  same. 
The  resistance  during  the  movement  is  with  same  strength  of 
tone  and  strength  of  current  not  dependent  upon  the  number  of 
vibrations,  which  the  movement  indicates — it  is  also  independent 
of  the  pitch. — A^m.  Phys.  Chem,^  No.  1 2, 1 884,  pp.  65 1-665.    j.  T. 

13.  liesistance  of  the  Siemens  Mercury  vnit — H.  Wild  commu- 
nicates in  detail  the  results  of  his  new  measurements  of  the  mer- 
cury unit  and  obtains  the  value  1.  S.  E.  =  0'94315  ohm,  and  there- 
fore concludes  that  106-027*^"  of  mercury,  one  square  millimeter 
in  section  at  0°  C,  represents  the  resistance  of  an  ohm. — Annakn 
der  Fhysik  und  Ohemie,  No.  12,  1884,  pp.  665-677.  J.  t. 

II.   Geology  and  Natural  History. 

1.  A  Scorpion  from  the  Upper  Silurian,  —  A  fossil  Scorpion 
has  been  found  in  the  Upper  Silurian  (Ludlow)  of  Gotland, 
Sweden,  and  named  by  MM.  Torell  and  Lindstrom,  Palceophonut 
nuncius.  The  specimen  is  well  preserved  and  shows  clearly  the 
cephalothorax,  the  abdomen  with  seven  dorsal  plates,  and  the 
tail,  consisting  of  six  segments,  the  last  pointed  to  form  the 
poison-dart.  The  sculpture  of  the  surface  consists  of  tubercles 
and  longitudinal  ridges,  and  is  exactly  as  in  recent  scorpions. 
One  of  the  stigmata  is  visible  on  the  right  side,  proving  that  the 
animal  respired  air. 

Further,  a  fossil   scorpion    was    obtained    last   year  by  Dr. 
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inter,  of  Carluke,  from  the  Upper  Ladlow  beds  of  Lesmahago, 
Lianarksbire.  Owing  to  the  ill  health  of  Mr.  B.  N.  Peach,  to 
lom  it  was  sent,  it  was  not  stadied  antil  a  photograph  of  the 
redisb  8pecies  was  received  from  Dr.  Lindstrdm.  The  two  are 
»ely  allied,  and  may  be  of  the  same  species. — Ann,  and  Mag, 
at.  JBist.^  January,  1885,  p.  76,  citing  the  note  on  the  Swedish 
x>rpioii  from  Comptes  Bendus,  December  1,  1884,  p.  984. 
2.  Dinocerata^  a  Monograph  of  an  Evtinct  Order  of  Oigantic 
fammals;  by  Othnibl  Charles  Marsh.  56  plates  and  200 
oodcuts.  i-xviii  and  237  pp.  4to.  Washington,  1884.  United 
totes  Geological  Survey ^  Volume  X,  Advance  copy  issued 
Ttb  the  permission  of  the  Director. — A  review  of  this  important 
lemoir  will  appear  in  the  next  number  of  this  Journal. 

3.  Names  of  extinct  ReptHea ;  by  O.  C.  Marsh. — The  name 
imphieauruSj  given  bv  the  writer  to  a  genus  of  Triassic  reptiles, 
liOTes  to  be  pre-occupied,  and  may  be  replaced  by  Anchisaurus, 
llie  name  of  the  family  would  then  be  AnchieauridcB,  Campto- 
•otv^,  applied  to  a  genus  of  Jurassic  reptiles,  has  also  been  used, 
iiid  Camptosaurus  may  be  substituted.      Limnophin^  already  in 

B,  may  be  replaced  by  Lestophis. 

4.  JSotanical  Necrology  for  1884. — The  list  should  begin  with 
abe  name  of  a  devotee  to  botany  who  died  some  time  in  the  year 
1883,  namely : 

Augustus  Fbxdlbr.  After  Dr.  Engelmann's  death,  the  begin- 
lin^  of  a  notice  of  Mr.  Fendler  was  found  upon  his  table,  from 
vhich  it  was  learned  that  he  had  died  at  Trinidad,  some  time  pre- 
tIous.  Inquiries  sent  to  the  Port  of  Spain,  where  he  had  for 
fereral  years  resided,  remain  unanswered.  An  autobiographical 
iccount  which  he  addressed  to  a  correspondent  (and  which,  with 
lome  of  his  letters,  we  hope  will  before  long  be  printed),  enables 
IS  to  state  that  Mr.  Fendler  was  born  at  Gnmbinnen,  on  the 
asternmost  borders  of  Prussia,  January  10,  IB  13,  lost  his  father 
1  infancy,  was  sent  to  the  gymnasium  of  the  town  when  twelve 
ears  old,  but  was  at  sixteen  Apprenticed  to  the  town  clerk,  where, 
erhaps,  he  perfected  the  neat  and  clear  hand-writing  with  which 
Is  correspondents  are  familiar.  Having  a  fondness  for  mathe- 
latics  and  chemistry,  he  obtained,  in  1834,  upon  examination, 
.  nomination  to  the  Royal  Polytechnic  School  at  Berlin,  but 
«linquished  >t  after  a  year  on  account  of  delicate  health;  in  1836 
le  came  from  Bremen  to  Baltimore,  "  with  a  couple  of  dollars  in  his 
KKsket,"  worked  in  a  tan-yard  in  Philadelphia,  then  in  a  lamp 
actory  in  New  York;  in  1838,  traveled  in  the  most  economical 
iray  to  St.  Louis,  which  required  thirty  days,  and  was  employed 
>y'a  lamp-maker  who  made  "spirit-gas"  for  lighting  public 
souses,  coal-gas  being  then  unknown  so  far  west.  Soon  after  he 
nade  his  way  to  New  Orleans  and  to  Texas,  where  he  was  witness 
0  the  ravages  of  yellow  fever  in  the  summer  and  fall  of  1839; 
le  returned  to  Illinois,  broken  in  health  and  empty  in  purse,  taught 
chool  for  some  time,  then,  the,  spirit  of  wanderino^  and  of  solitude 
oming  strongly  upon  him,  he  took  possession  of  an  uninhabited 
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island  in  the  Missouri  River,  about  300  miles  above  St. 
where  he  enjoyed  a  hermit's  life  for  six  months,  and  until  m 
spi-ing  rise  of  the  river  threatened  to  sweep  away  his  cabin, 
he  took  to  his  canoe,  and  dropped  down  the  stream  amone  tbe  ^ 
ing  logs  and  masses  of  ice.  In  1844  he  returned  to  Old  JPmssia 
a  visit,  at  Konigsberg  made  the  acquaintance  of  Ernst  Merer, 
professor  of  Botany,  and  learned  from  him — what  he  would  h 
oeen  most  glad  to  know  before — that  dried  specimens  of  plants 
the  herbarium  might  be  disposed  of  at  a  reasonable  price, 
ing  to  St.  Louis,  he  began  to  collect  plants  in  this  view,  took 
specimens  to  Dr.  Eiigclmann,  who  gave  him  botanical  assist! 
and  encouragement.  In  1846  Dr.  En^elmann  and  the  writer 
this  notice  obtained  permission  for  the  transportation  of  " 
Fendler  and  his  luggage  along  with  the  body  of  U.  S.  tw 
which  took  possession  of  Santa  Fe,  New  Mexico;  tbeie 
remained  for  about  a  year,  and  made  his  well-known  New  M 
can  collection,  the  first  fruits  of  the  botany  of  that  interesf 
district.  In  1849,  he  attempted  another  western  botanical  e 
dition,  this  time  with  Salt  Lake  in  view.  But  on  the  ]^laios 
lost  all  his  drying  paper  in  a  flood  of  the  Little  Blue  River, 
he  returned  to  St.  Louis,  to  find  that  all  his  collections,  ^' 
journals  and  other  possessions  had  been  burnt  in  the  great 
gration  which  had  just  devastated  that  city.  He  now  sought 
different  climate,  and,  at  the  approach  of  winter,  went  to 
Isthmus  of  Panama  for  four  months,  made  at  Chagres  an  inta 
esting  botanical  collection,  returned  by  way  of  New  Orleaiw  I 
Arkansas,  and  to  Memphis  on  the  Tennessee  side  of  the  riva 
where  for  three  years  he  carried  on  the  camphene-light  businen 
botanizing  in  the  vicinity  when  he  could.  In  1854,  the  introdiU 
tion  of  gas  having  made  his  occupation  unprofitable,  and  i 
craving  for  new  scenes  being  strong  upon  him,  he  sailed  fo 
La  Giiayra,  went  ftp  to  Caraccas  and  thence  to  Colonia  Toyai 
6,500  feet  above  the  sea,  built  his  cabin  on  the  mountain  sidi 
where  he  lived  four  or  five  years  and  amassed  his  large  and  fin 
Veneziilean  collections  of  dried  plants,  so  well  known  in  tk 
principal  herbaria  of  the  world.  His  principal  companions  wee 
his  thermometer  and  barometer,  and  his  careful  meteorologid 
observations  were  published  by  the  Smithsonian  Institution,  i| 
the  report  of  the  year  1857.  Returning  to  Missouri,  in  1864,  lij 
bought  some  wihl  land  at  Aileiitoii,  cultivated  and  lived  on  I 
for  seven  yeai-s  (except  one  winter  passed  in  the  herbarium  i| 
Cambridge),  hjiving  the  companionship  and  assistance  of  a  haU 
brother  who  had  joined  him,  and  whom,  being  rather  feeble-mindH 
he  took  care  of  for  the  rest  of  his  life.  In  1871,  having  soli 
his  place  in  Missouri,  he  returned  again  to  Prussia,  intendinj 
to  remnin  in  his  native  country.  But  he  soon  longed  for  tk 
New  World,  to  which  he  returned  in  1873;  he  settled  \ 
Wilmington,  Delaware,  where,  having  the  botanical  companioi 
ship  of  Mr.  Canby,  he  again  interested  himself  in  bis  favoril 
pursuits, — but  now  much  more  in  speculative  physics.     For  yet 
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thoaghts  of  his  solitary  boars  had  turned  npon  the  oaase 
<rmTitation  and  its  probable  connexion  with  other  forces,  and 
le  at  Wilmington  he  wrote  (and  unhappily  printed  at  his  own 
mae)  a  thin  octavo  volume,  entitled  '^  The  Mechanism  of  the 
irerse.**  Repeated  attacks  of  acute  rheumatism  constrnined 
to  seek  again  a  tropical  climate,  this  time  the  island  of 
lidad.  He  and  his  brother  landed  at  the  Port  of  Spain  in 
e,  1877,  where  he  passed  the  remainder  of  his  davs,  living 

Son  the  products  of  the  small  plot  of  land  which  he  pur- 
^  renewing  his  old  interest  and  activity  in  making  botanical 
?rvations  and  collections,  especially  among  the  Feins,  of  which 
lent  to  Professor  Eaton  collections  worthy  of  his  better  days. 
^  having  exhausted  in  this  respect  the  6eld  within  his  immedi- 
reach,  and  lost  the  vigor  needed  for  laborious  excursions, 
e  had  been  heard  of  him  for  the  past  few  years,  and  it  is  only 
rectly  that  the  fact  of  his  death  has  been  made  known  to  us. 
;  is  needless  to  say  that  Fendler  was  a  quick  and  keen 
nrver  and  an  admirable  collector.    He  had  much  literary  taste, 

had  formed  a  very  good  literary  style  in  English,  as  his 
viptive  letters  show.  He  was  excessively  diffident  and  shy, 
courteous  and  most  amiable,  gentle,  and  delicately  refined. 
IT  species  of  his  own  discovery  commemorate  his  name,  as  also 
ell-marked  genus,  a  Saxifragaceous  shrub,  which  is  winning 
m%j  into  ornamental  cultivation. 

endler^s  death  probably  did  not   long   precede  that  of  his 
ron  and  friend, 

I^KOROE  Engklmank,  whosc  lamented  decease,  on  the  fourth 
February,  1883,  at  the  age  of  75,  was  announced  in  this 
iniai  at  the  time ;  and  whose  biography  is  given  in  the  July 
nber.  There  is  also  an  interesting  memorial  in  Science, 
ril  4,  by  his  friend  and  associate  Professor  Sarjgent. 
Iamuel  Botsfobd  Buckijbt  died  at  Austin,  Texas,  February 
1883,  in  the  75th  year  of  his  age.  He  was  born  in  Yates  Co., 
w  York,  near  Pen  Yan,  on  the  9th  of  May,  1809,  was  educated 
W^esleyan  Univei'sity,  Middletown,  Conn.,  became  for  some 
e  a  teacher,  at  first  in  Illinois,  where  his  earliest  botanical  col- 
ions  were  made,  then  in  Alabama  and  some  of  the  neighbor- 
States,  and  was  one  of  the  earliest  explorers  of  our  time  in  the 
ihwestern  portion  of  the  Appalachian  Mountains.     His  first 

probably  his  best  paper,  describing  some  new  species  of  this 
on,  was  published  in  this  Journal  in  1843,  at  the  same  time 
1  the  characters  of  the  remarkable  genus  which  botanically 
imeroorates  him,  viz :  the  Buckleya  dUtichophylla  of  Torrey, 
Ksaliar  and  graceful  Santalaceous  shrub,  of  which  Mr.  Buckley 
,  discovered  the  flowers  and  fruit,  Nuttall  before  him  having 
id  only  the  foliage.  In  later  years  Mr.  Buckley  resided 
nly  in  Texas,  where  he  was  appointed  State  Geologist  in  1 866 ; 

he  was  the  naturalist  of  the  State  Survey  much  earlier. 
ij  Dew  species  and  some  genera  were  published  by  him  in  the 
rs  1860-62,  in  the  Proceedings  of  the  Academy  of  Natural 
noes  at  Philadelphia.     His  z^  in  botany  and  his  knowledge 
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of  plants  of  the  Soatbern  States  in  their  nrntiye  habitat 
^eat;  his  opportunities  and  training  for  doing  descriptive 
ical  work  were  not  of  the  best.  It  is  said  that  he  **  was  i 
years  engaged  in  writing  a  work  on  the  trees  and  shr 
America,  which  is  antinished."  An  appropriate  biogri 
notice  of  Mr.  Buckley,  by  S.  H.  Wriglit,  is  m  the  eleyenlh  ^ 
of  the  Bulletin  of  the  Torrey  Botanical  Club. 

John  Williamson,  of  Louisville^  Kentucky,  died  Jt^ 
1884, — a  young  man,  of  Scottish  birth,  an  amateur  Ixj 
chiefly  in  Ferns ;  the  author  of  the  Ferns  of  Kentucky^  i 
editions,  illustrated  by  graceful  and  characteristic  figures  f 
directly  from  the  atithor^s  etchings,  which  are  wonderfully. 
We  need  here  only  refer  to  two  memorials  of  this  gifted 
and  pteridologist,  from  most  capable  and  loving  hands, 
Mr.  G.  E.  Davenport  in  the  Botanical  Gazette,  ix,  12*2;  th 
by  J.  H.  R.  in  the  Bulletin  of  the  Torrey  Botanical  Club, : 

Of  Botanints  in  Europe  the  principal  losses  in  1884  are  t 

John  Hutton  Balfoub,  one  ot  the  founders  of  th« 
burgh  Botanical  Society  in  1836,  an  eminent  teacher  and 
of  various  learning ;  Professor  of  Botany  first  at  Glasgo 
since  1846  at  Edinburgh,  his  native  town,  where,  afterj 
years  of  su|>erannuation,  he  died,  February  11,  1884,  in  tl 
year  of  his  age.  i 

Heinrich  Robert  Gceppert,  Professor  of  Botany  at  j^ 
eminent  as  a  teacher  and  in  Paleo-botany,  died  May  18,  ll 
the  84th  year  of  bis  age. 

Gkorqu  Bentiiam,  the  greatest  descriptive  and  taxoi 
botanist  since  DeCandoUe  and  Brown,  died  Sept.  20,  clo| 
his  84th  biithday.  A  memorial  finds  a  place  in  the  preset^ 
ber  of  this  Journal,  p.  1 03.  , 

Til.    Miscellaneous  Scientific  Intelligencj 

1.  The  late  Henry  Watts,  KK  8.,  JFICS.—A  recent  i 
of  the  Chemical  News  (Dec.  6,  1884),  states  that  in  No 
last,  at  a  meeting  held  at  the  Royal  Institution,  a  commit 
formed  to  collect  funds  for  the  benefit  of  the  wife  and  o 
of  the  late  Mr.  Henry  Watts.  It  appears  that  notwiibst 
his  remarkable  industry,  and  the  manv  contributions  wb 
made  to  science,  the  money  return  for  his  labors  was  smt 
only  sufficed  for  daily  wants,  and  now  at  his  death  his 
wife  and  ten  children  find  themselves  with  almost  notb 
depend  upon.  The  income  available  amounts  to  the  pitif 
of  £100  a  year,  and  only  two  of  the  children  are  in  a  pos 
render  assistance.  In  view  of  the  great  benefit  which 
chemist  has  received  from  the  almost  un remunerated  laboit 
Watts,  notably  from  his  great  Dictionary  of  Chemistry,  the 
which  the  committee  now  makes  to  chemists  at  home  and  , 
should  receive  a  prompt  and  liberal  response.  All  contrilj 
whether  large  or  small,  will  be  welcome.  Subscriptions  | 
tent  to  Dr.  i£.  Waller,  of  New  York,  (4th  Avenue  and  40 
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Art.  XXVI. — Profeaaor  Ma/raKs  Monograph  of  the 

DinocerataJ^ 

The  previous  numbers  of  this  Journal  have  contained  all, 
or  nearly  all,  of  the  original  papers  on  the  Dinocerata  by  the 
author  of  the  present  memoir,  and  it  is  especially  fitting,  on 
the  completion  of  his  investigations,  that  at  least  an  abstract 
of  the  main  points  of  the  volume  should  also  be  placed 
here  on  record.  The  extracts  which  follow  have  been  se- 
lected with  a  view  to  give  to  the  reader  a  brief  sketch  of  the 
discovery,  and  general  characteristics,  of  this  remarkable  group 
of  mammals,  and  their  relations  to  other  members  of  the  same 
class,  living  and  extinct. 

The  general  plan  of  the  present  volume,  essentially  the  same 
ajB  that  of  the  author's  previous  memoir  on  the  Odontornithes^ 
is  specially  worthy  of  notice,  and  might  well  serve  as  a  model 
for  all  monographs  on  similar  subjects.  In  the  Introduction, 
the  history  of  the  discovery  of  the  Dinocerata,  and  their  dis- 
tribution in  time  and  space,  are  first  presented.  A  description 
of  the  various  parts  of  the  skeleton  in  the  typical  genera  of 
the  order  next  follows,  richly  illustrated,  with  restorations  of 
two  forms,  and  the  biologist  has  then  before  him  a  vivid  picture 
of  characteristic  members  of  the  group.  In  the  Appendix,  is 
a  Synopsis  of  all  the  known  genera  and  species,  with  many 
details  lor  the  systematic  zoologist. 

*  Dinocerata^  a  Monograph  of  an  Extinct  Order  of  Gigantic  Mammals;  by 
Othniel  Charles  Marsh.  56  plates  and  200  woodcuts,  i-xviii  and  237  pp.,  4to. 
Washington,  1884.  United  States  Geological  Survey,  vol.  x.  Advance  copy 
issued  with  the  permission  of  the  Director. 
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The  volume  ends  with  a  Bibliography  of  all  the  importiiit 
literature  on  the  Dinocerataj  and  thus  the  librarian,  also,  has  it 
hand  material  ready  for  a  catalogue.  In  most  volnmet  OB 
palaeontology,  as  well  as  on  other  Dranches  of  natural  sdeoM^ 
these  four  divisions  are  mixed  together,  so  that  each  diffemt 
class  of  readers  must  seek  out  what  it  needs  with  much  labor. 

The  author's  general  plan  of  publication  was  given  in  the 
introduction  to  his  previous  memoir,  and  this  is  supplemented 
in  the  preface  of  the  present  volume,  from  which  we  quote  the 
following : 

^^  The  present  memoir  is  the  second  of  a  series  of  Modo- 

fraphs  designed  to  make  known  to  science  the  Extinct  Yerte- 
rate  Life  of  North  America.  In  the  lirst  volume,  on  the 
Odontomithes,  or  Birds  with  Teeth,  the  author  gave  the  renit 
of  his  investigations  of  that  remarkable  group,  which  he  d» 
covered  in  the  Cretaceous  deposits  on  the^^istem  slope  of  the 
Rocky  Mountains. 

''  This  second  Monograph  contains  the  full  record  of  i 
peculiar  order  of  Mammals,  which  the  author  also  brought  to 
light  in  the  early  Tertiary  strata  of  the  great  central  puitea 
of  the  continent. 

'^  In  preparing  the  present  volume,  it  has  been  the  aim  of 
the  author  to  do  full  justice  to  the  ample  material  at  his  oom- 
inand,  and,  where  possible,  to  make  the  illustrations  tell  the 
main  story  to  anatomists.  The  text  of  such  a  memoir  xnif 
soon  lose  its  interest,  and  belong  to  the  past,  but  good  figoni 
are  of  pennanent  value  in  all  departments  of  Natural  Scienoa 
What  is  now  especially  needed  in  PalsBontology  is,  not  lon£ 
descriptions  of  fragmentary  fossils,  but  accurate  illustratione  w 
characteristic  type  specimens.  In  the  fifty-six  lithographio 
plates,  and  nearly  two  hundred  original  woodcuts,  in  the  pree- 
ent  volume,  it  is  believed  that  this  requirement  is  fairly  met; 
since  all  the  more  iin]X)rtant  specimens  of  the  Dinocerdta  now 
known  are  represented,  and  at  least  one  figure  is  given  of 
every  species. 

In  the  Introduction,  the  author  gives  an  account  of  the  dis- 
covery of  the  Dinoceraia^  with  the  localities  and  geological 
horizon  in  which  they  are  found,  ])eginning  as  follows  : 

"  Among  the  many  extinct  animals  discovered  in  the  Ter 
tiary  deposits  of  the  Rocky  Mountain  region,  none,  perhaps 
are  more  remarkable  than  the  huge  mammals  of  the  orae] 
Dinocerata.  Their  remains  have  nitherto  been  found  in  t 
single  Eocene  lake-basin  in  Wyoming,  and  none  are  knowJ 
from  any  other  part  of  this  country,  or  from  the  Old  World 
These  gigantic  beasts,  which  nearly  equaled  the  elephant  ii 
size,  roamed  in  great  numbers  about  the  borders  of  the  ancieP 
tropical  lake  in  which  many  of  them  were  entombed. 
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•*  This  lake-basin,  now  drained  bv  the  Green  River,  the  main 

kribntary  of  the  Colorado,  slowly  hlled  up  with  sediment,  but 

lemained  a  lake  so  long  that  the  deposits  formed  in  it,  during 

Xocene  time,  reached  a  vertical  thicKness  of  more  than  a  mile. 

The  Wasatch  Mountains  on  the  West,  and  the  Uinta  chain  on 

tlie  South,  were  the  main  sources  of  this  sediment,  and  still 

-  protect  it,  but  the  Wind  River  range  to  the  North,  and  other 

;  ifiountain  elevations,  also  sent  down  a  vast  amount  of  material 

'  hto  this  great  fresh-water  Jake,  then  more  than  one  hundred 

miles  in  extent. 

"  At  the  present  time,  this  ancient  lake-basin,  now  six  to  eight 

\  thousand  feet  above  the  sea,  shows  evidence  of  a  vast  erosion, 

\  and  probably  more  than  one-half  of  the  deposits  once  left  in  it 

;■  luive  been  washed  away,  mainly  through  the  Colorado  River. 

;  What  remains  forms  one  of  the  most  picturesque  regions  in 

i  fte  whole  West,  veritable  7)iauvaises  terres^  or  bad  lands,  where 

ilow  denudation  has  carved  out  clifis,  peaks,  and  columns  of 

file  most  fantastic  shapes,  and  vai*ied  colors.     This  same  action 

lias  brought  to  light  the  remains  of  many  extinct  animals,  and 

the  bones  of  the  Dinocerata^  from  their  great  size,  naturally 

I  first  attract  the  attention  of  the  explorer. 

"  The  first  remains  of  the  Dinocerata  discovered  were  found 
\  bf  the  author,  in  September,  1870,  while  investigating  this 
Sooene  lake-basin,  which  had  never  before  been  explored. 
Various  remains  of  this  group  were  also  collected  by  other 
members  of  the  expedition,  and  among  the  specimens  thus 
Kcnred  was  the  type  of  Tinvceras  anceps^  described  by  the 
wthor  in  the  following  year,  and  now  more  fully  in  the  present 
I  ▼olume.  In  the  same  geological  horizon  with  these  remains, 
I  rich  and  varied  vertebrate  fauna,  hitherto  unknown,  was 
fouid. 

"Among  the  animals  here  represented  were  ancestral  forms 
of  the  modern  horse  and  tapir,  and  also  of  the  pig.  Many 
others  were  found  related  to  the  recent  Lemurs ;  also  various 
Camivors,  Insectivors,  Rodents,  and  small  Marsupials ;  and  of 
rtill  more  importance,  remains  were  here  brought  to  light  of 
ttiother  new  order  of  mammals,  the  Tillodonts,  quite  unlike 


Miv  now  living.     Crocodiles,  tortoises,  lizards,  serpents,  and 


es  also  swarmed  in  and  about  the  waters  of  this  ancient 
Wee,  while  around  its  borders  grew  palms,  and  other  tropical 
vegetation. 

"The  remarkable  Eocene  basin  North  of  the  Uinta  Moun- 
Wdb,  where  alone  the  Dinocerata  had  been  found,  offered  so 
inviting  a  field  for  exploration,  that  in  the  springy  of  the  fol- 
lowing year,  1871,  the  author  ^egan  its  systematic  investiga- 
tion. An  expedition  was  again  organized,  with  an  escort  of 
Ignited  States  soldiers,  and  the  work  continued  during  the 
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entire  season.  Among  the  very  lai^  collections  thus  secnred 
were  numerous  specimens  of  the  Dinocerata^  which  fnmishec 
important  characters  of  the  group. 

^^In  the  succeeding  spring,  1872,  the  explorations  in  thi 
region  were  continued,  and  soon  resulted  in  the  discovery  d 
the  type  specimen,  including  the  skull,  and  a  large  portion  of 
the  skeleton,  of  Dinoceras  mirabile^  and  on  this  new  gemM 
the  author  based  the  order  Dinocerata. 

'^  Other  important  specimens,  obtained  at  this  time,  and 
described  by  the  author,  were  the  t}T)es  of  Dinocera^s  lueoN,, 
Tinocef*as  grande^  Tinoceras  lacustre^  and  others  of  scaice^ 
less  interest 

'^  In  the  following  season,  1873,  the  author  organized  anothflr 
large  expedition,  with  government  escort,  and  made  a  veiy 
careful  examination  of  the  regions  in  this  same  basin  thitN 
remained  unexplored.     One  of  the  specimens  of  special  impor  j 
tance  thus  secured  was  the  type  oi  Dinoceras  UUioejpSj  wfti  1 
the  skull  and  lower  jaw  nearly  complete.     Many  other  indi- 1 
viduals  of    the  Dinocerata  were  also   discovered,  and  ilM 
abundant  material   then  collected   was  sufficient  to  clear  if 
most  of  the  doubtful  jx)ints  in  this  group. 

"  The  research  was  continued  systematically  during  the  nflri 
season,  also,  1874,  and  again  in  1875,  with  good  results.  Siaifr 
then,  various  small  parties,  at  different  times^  have  bM: 
equipped  and  sent  out  by  the  author  to  collect  in  this  badifl 
and,  finally,  during  the  entire  season  of  1882,  the  workim 
vigorously  prosecuted  under  the  direction  of  the  authoi^  mij 
from  July  of  that  year,  under  the  auspices  of  the  XfvSm 
States  Geological  Survey. 

"  The  specimens  thus  brought  together  by  all  these  varioilt^ 
expeditions  and  parties  are  now  in  the  museum  of  Yale  Oofc? 
lege,  and  represent  more  than  two  hundred  individuals  of  tki' 
Dinocerata  alone.  *  *  *  *  The  present  volume  is  based  <» 
this  material,  amply  sufficient,  it  is  believed,  to  illustrate  iB 
the  more  important  parts  of  the  stnicture  of  this  remarkabto 
group. 

"The  remaining  material  of  the  Dinocerata,  now  knowBi 
consists  of  a  few  specimens  collected  by  Dr.  Leidy  in  187% 
including  the  type  of  the  genus  Uiiitatheriutn ;  variool 
remains  secured  in  the  same  year  by  Prof.  Cope,  to  which  h< 
applied  the  names  Loxolophodo7i  and  Eohasileus,  with  a  lattf 
acquisition  called  Bathyopsis ;  and  a  number  of  specimeO 
more  recently  obtained  by  parties  from  Princeton  CollecpC 
Although  these  remains  show  few,  if  any,  characters  of  u> 
Dinocerata  not  better  represented  in  the  larger  collection  < 
the  Yale  Museum,  full  references  to  the  more  important  spec 
mens,  in  most  cases  with  illustrations,  are  given  in  the  presea 
memoir. 
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le  locaUtiee  in  which  the  IHnocerata  have  been  fonnd 
both  Bides  of  the  Green  River,  and  mainly  soath  of  the 
Pacific  Railroad,  in  WToming,  Of  two  hundred  indi- 
s  in  the  Yale  MuBeam,  aboat  equal  numbers  were  found 
id  west  of  this  river,  the  distance  between  the  extreme 
ies  in  this  direction  beiu^;  more  tluin  one  huodred  milea. 
lap  below  covers  this  region. 


le  Dinocerata  have  hitherto  been  found  in  a  well  marked 
ioal  horizon  of  the  middle  Eocene. 
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"  The  Dinocerata  form  a  well  marked  order  in  the  mtt 
group  of  Ungvlata.  In  some  of  their  characters,  they  r&m- 
ble  tne  Artiodactyls  {ParaxonidS ;  in  others  they  are  like  the 
Perissodactyls  {Me8axonia)\  and  in  others  still,  thej  agrea 
with  the  f^robo8cidian0.  The  points  of  similarity,  boweyer, 
are  in  most  cases  general  characters,  which  point  back  to  an 
earlier,  primitive  nngulate,  rather  than  indicate  a  near  affinity 
with  existing  forms  of  these  groups. 

"  The  Dinocerata^  so  far  as  now  definitely  known,  may  be 
placed  in  three  genera,  DinoceraSy  Marsh,  lirwoeras^  Hjuth 
and  Uintatheriura^  Leidy.  The  type  specimen  of  UintatkB' 
rium  was  discovered  near  the  base  of  the  series  of  strata  con- 
taining the  remains  of  the  Dinocerata,  Dinoceras,  so  far « 
known,  occurs  only  at  a  higher  horizon,  while  Tinoceras  bu 
been  found  at  the  highest  level  of  all.  The  characters  of  theae 
three  genera  correspond  in  general  with  their  geological  poai- 
tion.  Uintaiherium  appears  to  be  the  most  primitive  type, 
and  7Vwi>(?^dw  the  most  specialized,  i>t7u>o«ra«  being  an  iIlte^ 
mediate  form. 

"  The  number  of  species  of  the  known  Dinoceraia  is  a  diffi- 
cult matter  to  determine,  especially  as  the  limitations  between 
species  are  now  generallj^  regarded  as  uncertain.  About  thirty 
forms,  more  or  less  distmct,  arc  recognized  in  the  Synopsia  at 
the  end  of  the  volume. 

TuE  Skulu 

''  The  skull  of  Dinoceras  rnirabile  is  long  and  narroW| 
facial  portion  being  greatly  produced.  The  basal  line, 
ing  from  the  end  of  the  premaxillaries  along  the  palate  to 
lower  margin  of  the  foramen  magnum,  is  nearly  straight.  Tb 
top  of  the  skull  supports  three,  separate,  transverse  pain  of 
osseous  elevations,  or  horn-cores,  which  form  its  moat  oon* 
spicuous  feature,  and  suggested  the  name  of  the  genus.  Tin 
smallest  of  these  protuberances  are  situated  near  the  extremitr 
of  the  nasals ;  two  others,  much  larger,  arise  from  the  nuudl- 
laries,  in  front  of  the  orbits ;  while  the  largest  are  mainly  cm 
the  parietals,  and  are  supported  by  an  enormous  crest,  which 
extends  from  near  the  or])its  entirely  around  the  lateral  and 
posterior  margins  of*  the  true  cmnium.  These  general  charac- 
ters are  well  shown  in  figure  2,  which  represents  the  skull  of 
the  type  specimen. 

"  Tliere  are  no  upper  incisors,  but  the  canines  in  the  male 
are  enormously  deve)o]>ed,  forming  sharp,  trenchant,  decurved 
tusks,  which  were  each  protected  by  a  dependent  process  oiv 
the  lower  jaw.     The  [premolar  and  molar  teeth  are  very  small 
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"The  orbit  is  large,  and  confluent  with  the  temporal  fossa. 
de  latter  ia  of  great  extent  poeterioHv,  bat  the  zygomatic 
inhee  are  only  moderately  expanded.     Tnere  is  no  postK^rbital 


"The  nasal  bones  are  greatly  elongated,  being  nearly  half 
^jfte  length  of  the  entire  slnilL  They  project  forward  over  the 
ilBtanor  nares,  and  overhang  the  premaxillaries.  They  are 
Uek  and  massiTe  bones,  especially  in  front,  and  are  united 
>4(gether  by  a  nearly  straiglit  sntnre. 

'  "The  anterior  extremity  of  the  nasal  bones,  in  both  IHno- 
E  mat  and  Tinoceras,  is  formed  of  an  oBseons  projection, 
•  psinting  forward  and  downward,  and  eitnated  in  front  of  and 
I  Wow  ue  nasal  protuberances.  Several  specimens  in  the  Yale 
llhwam  ahow  that  this  projection  is  formed  of  two  separate 
I'Mfieatioiu,  each  in  front  of  its  respective  nasat  bone. 


"  These  bones  are  a  peculiar  feature  in  the  skull  of  IHno- 
emraia,  and  may  be  called  the  pre-nasal  bones.  In  very  young 
animala,  thev  are  unoesifled ;  in  adult  animals,  they  are  dis- 
tinct, as  in  tne  specimen  figured ;  but  in  very  old  ammala  they 
become  oodesifiea  with  the  nasals,  and  with  each  other. 
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FlouRE  *1. — NntuilB  ui  DiwKeraa  mirabile.  UHndi ;  typo  xpectnien. 
FiaUBB  4. — ;{asalB   of   TTnoctnu  anneettnt,   Marsh.      Doth  flares   i 
natiirnl  ajie.     a,  aide  view;  b,  lop  view;  c,  front  vie' 


FlQDRE  h. — Posterior  surfuce  of  skull  of  Dinocerm  iiiirabilt,  ifanh, 
FlODRB  6. — Posterior  surface  of  skull  of  Tinoreras  ingmt,  Marsh.       Botb  figurea an 
one-eighth  natural  size,     c,  occipital  condyle ;  /,  roramen  magnimi 
I,  luteral  crest;  o,  occipital  crest;  p,  post-tympanic  procew;  l;crMl 
behind  temporal  fossa. 
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"  The  frontal  bones  in  Dmoceras  mirabile  &re  shorter  than 
the  nasale.  In  all  of  the  known  eknllB  of  the  Dinocerata,  the 
median  sntare  uniting  the  two  frontab  is  entirely  obliterated. 
The  enture  joining  them  with  the  nasals  in  front,  and  with  the 
'"    *  s  on  the  aide,  is  distinct  in  the  type  of  Dinocerat. 


Vwevt  1. — Skull  at  Dmoceriu  miraiiiU,  Marsh  ;  with  brain-caet  in  natural  posi- 
tion; seen  from  aboTe. 

FNDn  8. — The  suae  view  of  a  joaag  specimen  or  Dinoceras  dittana.  Marsh.  Both 
fignrea  are  one-eighth  natural  ajze.  /  frontal  bonej  m,  maxUlilty 
booe ;  m',  maxillary  protuberaoce ;  n,  nasal  bone :  n',  nasal  pro- 
Inberance;  p,  parietal  bone;  p',  parietal  protuberaace ;  pm,  pre- 
nuTillniy  bouo ;  »,  siipra-occipitiil  creBt. 

"  The  maxillary  bonee  form  a  large  portion  of  the  lateral  sur- 
fwe  of  the  skull.  They  contain  afi  tne  teeth,  except  those  of 
the  lower  jaw,  and  also  expand  into  the  large  median  pair  of 
MeeouB  elevations,  or  horn-cores. 

"In  one  yonng  specimen,  the  fronto-parietal  suture  ia  still 
'^pra,  and  passes  in  a  nearly  straight  line  across  the  top  of  the 
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cranium  just  in  front  of  the  sammit  of  tiie  cerebral  hemis- 
pheres. It  also  divides  the  posterior  elevations,  or  hom-com, 
80  as  to  leave  the  anterior  part  of  thera  on  the  frontals,  aaA 
the  posterior  and  highest  portion  on  the  parietals. 

"In  all  of  the  crania  of  the  Dmooerata  examined,  the 
parietal  bonee  are  iirmly  united  to  each  other  on  the  mediil 
line,  and  with  the  supra-occipital  behind.  •  •  •  •  On  the  sides 
of  the  cranium,  the  parietals  form  the  npper  portioD  of  ths 
large  temporal  fosese. 


H^ouRK  9.— Silk'  view  of  ukull  of  Tiruxtnu  pvgntu,  Utrsh.  One-WRhth  ubinl 
Bite,  m',  maiillaiyprotuberaDco;  nw,  extarnilauiiKoij  mwbH; 
x',  iibbbI  proliibersDce;  o,  ocdpitai  condyle;  p',  paristal  pre- 
tul>eraiice ;  pm.  prern&iillsry  bone ;  pn,  prenaaal  osaicls. 

"  The  occipital  region  in  all  the  known  Diawctrata  is  large, 
elevated,  and  snb-quadrate  in  outline.  It  varies  much  in  shape 
and  size  in  the  difierent  genera  and  species,  and  two  of  me 
principal  fonna  are  represented  in  the  ngores  below. 

"  The  malar  bone  completes  the  anterior  portion  of  the  zygo- 
matic areli,  extending  to  the  front  of  the  orbit.  The  antore 
uniting  the  malar  witli  tlie  maxillary  remains  distinct  till  adnlt 
life,  and  may  usually  be  traced,  even  in  old  animals.  Tfaii 
forward  extension  of  the  malar  bone  is  a  general  ungulate 
character,  and  quite  different  from  what  is  seen  in  the  Probos- 
cidians, where  the  malar  forms  the  middle  portion  only  of  Uie 
zygomatic  arch. 
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FieUKK  10.— Skull  of  Unoctraa  ingttu.  Marsh ;  oeen  from  below. 

FlecKE  II. — SkuU  at  Dinoeena  mirab^e,  Hatah;  sseo  from  below.  Both  Ogurea 
■re  one-eighth  natural  size,  a,  anterior  palstine  fnraman ;  b, 
palato-muillai;  foramen ;  c,  antorbital  foramen ;  d,  posterior 
palatine  Toramen;  e,  posterior  nai«a;  /.foramen  ma^um;  /', 
occipital  foramen;  g,  stylo- mastoid  foramen;  A,  Toramen  lacerum 
ponerius ;  i,  vascular  foramen  In  basisphenoiil ;  j',  posterior  open- 
ing of  alisphenoid  canal;  k,  anterior  opening  of  alisphenoid  canal; 
J^  optio  foramen. 

"  Tbe  lachrymal  is  larf^e,  and  forms  the  anterior  border  of 
the  orbit.  It  is  perforated  bj  a  large  foramen.  In  D^inocffreu 
mirabUe,  this  is  oval  in  ontline,  with  the  apex  above.  The 
fame  of  the  lachrymal  is  excavated  for  the  posterior  opening  of 
the  hu^  antorbital  foramen. 
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"  The  large  canine  tuBk  ie  entirely  enclosed  in  the  maxillarT, 
and,  in  the  genua  Dinoeeraa,  its  root  extends  upward  into  the 
base  of  the  maxillary  hom-core.  In  all  known  Dinoca^ats, 
there  is  a  diastema  between  the  upper  canine  and  the  pre- 
molars. 


irizoolol  settiijii  of  skull  uf  TVnoceraa  na».ii/rotis.  Marsh, 
FlOVRK  l:!. — Elori/ziuUl  Hoclion  of  skull  of  Dinoceras  laticrjui,  Unrsh;  {female). 
Bnth  lljj^reH  are  niie  ci|;1itb  naliiral  bIzo.  a,  cavity  behind  bata 
of  caniiie  tooth;  6.  brain-cavitv ;  c,  alveole  of  caiiintj  tnoth;  / 
aciterior  olfactory  <'haiuber:  /',  posterior  olfactory  chamber;  in', 
inaiillnry  protiilieraiiFo;  n,  nasal  bonea ;  n'.  niaal  pratuborance; 
p',  parietal  protubenlacc. 

"  The  premaxillary  bones  are  edentulouB,  and,  even  in  yonng 
specimens,  contain  no  teeth.  *  *  *  The  premaxillaries  vary 
much  in  fonn  in  the  different  genera  and  species  of  Dinocemta. 
Two  of  the  principal  forms  are  shown  in  figures  10  and  11." 

Tlie  p.ilate  is  very  narrow,  and  much  excavated,  especiallj  in 
front.  The  bony  palate  extends  hack  as  far  as  the  last  npper 
molar,  and,  in  some  specimens,  beyond.     It  is   deeply  oxct 
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nted  on  each  side  in  the  region  of  the  diaBtema,  and  near  the 
UHteiior  part  of  each  excavation  on  either  side  is  Bitnated  a 
Wge  foramen,  which jnay  be  called  the  palato-maxillary  foramen. 
"In  the  type  of  Di/noceraa,  the  palatine  foesa  of  the  poete- 
lior  nares  ie  roofed  over,  bo  that  the  passage  from  the  palate 
into  the  large  nasal  cavities  above  leatis  forward  and  upward, 
H  shown  indistinctlv  in  fiffure  11.  In  Tinoceraa  ing&ns  and 
TifKXxras  pugnax,  the  root  of  this  fossa  is  excavated  in  front 
b^  a  pair  of  oval  apertures,  and,  through  these,  the  posterior 
nine  open  directly  npward,  as  represented  in  figure  10. 


—Vertical  median  longitiiciioaJ  section  of  skull  of  Dinoctnu  mirabilt. 
Uarsh.  One-eighlli  nalural  size.  b.  brain-caTit; ;  /,  IVontal 
bone;  m,  oiaiiUary  bone;  m',  raazillar;  pri)tjberHDce:  n,  nasal 
bone;  n',  nasal  |jrotuberan?e ;  o.  occipital  condjie:  p,  parietal 
bone ;  p",  parietal  protuberance ;  pg,  post  glenoid  process :  pi, 
palaline  bone;  pm,  premniillarf  bone;  p(,  pterygoid  bone;  *, 
Bupra-occipital  crest. 

The  Lower  Jaw. 

"  The  lower  jaw  in  Dtnoceras  is  as  remarkable  as  the  skull. 
Ita  most  peculiar  feature  iu  the  male  is  a  massive  decurved  pro- 
cess on  each  ramus,  extending  downward  and  outward.  These 
long,  pendent  processes  were  apparently  to  protect  the  upper 
canine  tnsks,  which  would  otherwise  be  very  liable  to  be 
broken.  *  *  *  *  In  the  female,  this  process  is  much  reduced 
in  rize,  but  is  qnite  sufficient  to  protect  the  diminutive  tusk 
iriuch  overlaps  it. 
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FiauKE  IC. — Lower  jaw  of  Diaecerat  lalietpt,  Murah;  front  view. 

FlUURB  16. — Lower  jaw  of  Uinlathtrium  seg'it,  Morph;  teea  from  the  lefY.  Both 
flgurea  tre  cme-fourth  natural  size.  a,Bnglei  c,OBniDe;  cr,  ooro- 
Doid  proceu;  td,  ooaijie;  d,  diailema;  /  ulterior  forameit;  /, 
praoNi  lor  protocUoa  ti  tain-, -'" 
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Another  remarkable  feature  in  the  lower  jaw  of  the  Dino- 
Ua  is  the  posterior  direction  of  the  condyles,  hitherto  un- 
>wn  in  Ungulates. 

In  the  genns  DinoceraSj  there  are  three  incisor  teeth,  and  a 
JI  incisiform  canine  on  each  side,  forming  a  continuous 
eB  at  the  front  extremity  of  the  lower  jaw.  These  are  all 
noderate  size,  and  inclined  well  forward,  as  in  the  ruminant 
mmals.  Behind  this  series,  and  immediately  over  the  de- 
ident  process,  is  a  long  diastema.  Further  oack,  there  are 
98  premolars,  and  three  molars,  forming  together  a  close 
les.  This  is  the  dentition,  essentially,  in  the  lower  jaw  of 
h  Dinoceras  and  Tinoceras. 

'  In  the  genus  TmoceraSj  the  same  general  characters  of  the 

er  jaws  are  seen.     In  the  male,  the  pendent  process  is  large 

elongate,  but  less  massive  than  in  the  genus  Dinoceras^ 

its  lower  outline  less  regularly  rounded.     This  corresponds 

li  the  position  of  the  large  upper  canine  tusk,  which  it  pro- 

In  the  female  of  TinoeeraSj  the  pendent  process  is  much 
iced,  its  size  in  all  cases  corresponding  to  the  size  of  the 
ine  tusk  above. 

That  the  same  relation  in  size  between  the  tusk  and  pro- 
below  it,  holds  equally  in  both  the  eenera  Dinoceras  and 
oceras^  is  conclusively  shown  by  various  specimens  in  the 
e  Museum. 

Thb  Tebth. 

The  teeth  of  the  Dinocerata  constitute  one  of  their  most 
resting  features. 

In  the  genus  Dinoceras^  the  dentition  is  represented  by 
following  formula : 

X     .  0  .         1  ,3,3 

Incisors  --,  canines  -,  premolars  --,  molars  -  =  34. 
3  1  3  3 

So  far  as  now  known,  the  same  formula  applies  equally  well 

he  genus  Tinoceras, 

InUintatherium^  the  dentition  is  apparently  as  follows:  * 

Incisors  --,  canines  — ,  premolars  — ,  molars  -  =  36. 

In  none  of  the  Dinocerata  have  any  upper  incisors  been 
id,  even  in  the  youngest  specimens.  The  premaxiUary 
38  appear  to  be  entirely  edentulous. 
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—  Upper  CRome  of  i>iu(Kcr<u /I'd'c-jii,  Marsh;  {male). 

— ITpper  canine  of  Dinoctrat  laiicrpe  (female).  Both  Hicurea 
one-foiiiih  natural  sine,  a,  lateral  new,  ahowinn  ouler  surf 
i,  inner  aiirface;  6' 6",  BCClioris :  e,  from  vie*. 
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*'  In  the  lower  jaw  of  all  the  known  Dinocerata,  there  are 
Lttiree  well  developed  incisors  on  each  side.  They  are  inserted, 
li  by  a  single  root,  and  are  procumbent,  all  directed  well 
iruti. 
IpThe  superior  canines  of  Dhwc&raa  are  long,  decurved, 
lebant  tnskw.  The  crown  is  covered  with  enamel,  and  the 
i  «xtends  upward  into  the  base  of  the  maxillary  protuber- 
I,  or  hom-eore.  When  tlie  animal  is  younji,  these  tusks 
rfrom  a  persistent  pulp,  but,  in  old  age,  the  cavity  becomes 
rly  closed.  In  the  male,  these  tusks  are  large  and  powerful, 
t  extend  downward  nearly  or  quite  to  the  extremity  of  the 
'  int  process  of  the  lower  jaw. 


molar    pvt  premolar 


"In  the  female  of  Dinoceras,  the  upper  canines  are  small 
and  slender,  and  protrude  but  little  below  the  jaw." 

The  crowns  of  the  upper  premolar  and  molar  teeth  in  JJino- 
ce/xta,  and,  in  fact,  in  all  of  the  known  Dinocerata,  are  remark- 
ably short,  with  the  roots  well  developed,  forming  a  ti'ue 
bnichyodont  dentition,  as  in  all  early  Tertiary  ungulates. 

"  In  each  ramus  of  the  lower  jaw  of  Dmoceras,  there  is  a 
close  series  of  six  teeth,  three  of  which  are  premolars,  and 
three  true  molars.     Tliese  are  ail  inserted  each  by  two  roots 
This  is  also  true  of  the  genns  Tinoceras. 
Av.  Jour.  Sci.— Tbibd  Sbriw,  Vol.  XXtX,  No.  ITI,  Uarcei.  1885. 
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"  The  molar  teeth  in  Dinocerata-  appear  to  resemble  mote 
closely  the  corresponding  teeth  in  the  genus  Coryphodon  thta 
those  of  any  other  animu.  The  gtmoraJ  dentition,  however,  ii 
quite  distinct  Coryphodon  has  well  developed  upper  incisn^ 
and  a  medium  sized  upper  canine,  thus  differing  widel;  iq 
these  features  from  the  JJinoeerata. 


FiauBE  22.— Skull  or  TLnocerM  ingeia.  Marsh;  with  bram 

from  above. 
FiauBE  23. — Skull  of  Diaoceras  ladcepn,  fenifllB ; 


.eighth  natural  i 
bone;  nt',  maiillary  protubers 
tuberance;  p,  parietal  bono;  j 
maEitlaiy  bone. 

The  Bsain. 

"The  brain  of  the  Dinocerata  i»  ( 


/.  frontal  bone;  m,  muillv; 
ii?e:  fi,  naaal  bone;  n',  iitMl|in' 
'.  parietal  protuberance ;  pn,  yn- 


e  of  the  most  pecnliu 
features  of  the  group.  It  is  especially  remarkable  for  iti 
diminutive  size.     It  was  proportionately  smaller  than  in  uj 
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o&er  known  mammal,  recent  or  foesil,  and  even  lees  than  in 
■ome  reptiles.  It  was,  i£ideed,  the  moet  reptilian  hrain  in  any 
W>wn  mammal  In  Dinoeeraa  miraiile,  tne  entire  brain  was 
Mtually  BO  diminutive  that  it  could  apparently  have  been 
dnwn  through  the  neural  canal  of  all  the  pre-sacral  vertebrw, 
certainly  through  the  cervicals  and  the  lumbarB. 


"The  size  of  the  entire  brain,  as  compared  with  that  of  the 
CTUuom,  is  shown  in  the  accompanying  cats,  figures  7,  8,  and 
38.  The  size  of  the  brain  cavity,  and  its  position  in  tlie 
wnll  in  the  genus  Tinoceras,  also,  is  represented  in  figure  22. 

"The  most  striking  feature  in  the  brain  cavity  itself  is  the 
wUtively  small  size  of  the  cerebral  fossa,  this  being  but  little 
l»^r  than  the  cerebellar  portion. 

"The  cerebral  hemispheres  did  not  extend  at  all  over  the 
Wrebellnra  or  the  olfactory  lobes.  The  latter  were  large,  and 
wntimied  well  forward. 
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^^  The  nerves  passing  off  from  the  brain  were  large,  and  can 
be  made  out  with  reasonable  certainty.  The  olfactory  lobei 
were  separated  in  front  by  an  osseous  septum,  the  position  of 
which  is  shown  distinctly  in  figure  22. 

"  In  the  genus  TinoceraSj  the  brain  was  similar  in  its  genenl 
characters  to  that  of  Dinoceras^  but  appears  to  have  been  some- 
what more  highly  developed.  The  hemispheres  were  more 
elongate,  and  the  olfactory  lobes  relatively  smaller. 

26. 


FiQiTRB  26. — Skull  of  Mastodon  AmericanuSj  Cuvier.     PliooeDe. 

Brain  GRO^VTn. 

"  The  Dinocerata  are,  by  far,  the  largest  of  all  known  Eocene 
animals,  and  that  they  have,  also,  a  very  diminutive  brain  is  a 
notewoi*thy  fact,  which  attracted  the  author's  attention  soon 
after  their  discovery. 

''  The  comparison  of  the  brain  in  this  group  with  that  of  other 
mammals  from  the  same  formation  soon  showed  that  the  Dino- 
cerata although  most  remarkable  in  this  respect,  were  not 
alone  in  diminutive  capacity  of  brain  power.  A  more  ex- 
tended  comparison  led  to  the  fact  that  all  the  early  Tertiaij^j 
mammals  had  very  small  brains. 
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i  "The  reanltB  of  this  investigation  were  embodied  by  the 
[KllQior  in  a  general  law  of  brain-erowth  in  the  extinct  mam- 
I%i1b  ^ronghout  Tertiary  time.  TniB  law,  briefly  stated,  was 
V  ••  follows ; 

f 


1.  All  Tertiaiy  mammals  had  email  brains. 

B.  There  was  a  gradual  increaae  in  the  size  of  the  brain  dar- 
ing this  period. 

8-  This  increase  was  confined  mainly  to  the  cerebral  hemi- 
•pieres,  or  higher  portion  of  the  brain. 

t  hi  some  gronps,  the  convolutions  of  the  brain  have  grad- 
"•Hj  become  more  complex. 

5.  In  some,  the  cerebellum  and  the  olfactory  lobes  have 
eren  diminished  in  size. 

6-  There  is  some  evidence  that  the  same  genera]  law  of  brain 
growth  holds  good  for  Birds  and  Eeptiles  from  the  Cretaceous 
•o  the  present  time.* 

^TMl  Joomal,  vol  Tiii,  p.  66,  July,  1874;  and  vol.  lil,  p.  61,  Julj,  1878;  *1m> 
•"Wtoraithfi,  p.  10,  1880. 
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"  The  author  has  since  continned  this  line  of  iiiveettgatioa, 
and  has  ascertained  that  the  same  general  law  of  brain  growtli  ' 
is  true  for  Birds  and  Reptiles,  from  the  Jarassic  to  the  piGMiit 
time," 

The  small  size  of  the  brain  in  early  Tertiary  mammaU  wili 
be  indicated  by  aii  examination  of  the  Dinocerata  sknlle,  with 
the  brain  in  position,  shown  in  figures  22,  23.  This  is  further 
shown  by  figures  24-28,  which  represent  the  eknil  and  bndif 
cast  of  various  Tertiary  Mammals. 


FiQURE  29.  — Axis  of  Diuocarat  tnir'ibiit,  Marali:  front  view, 

FtaUKK  30, — Tho  Slime  vertobra;  side  view. 

FlQUEB  31.— -Cervital  vertebra  of  Tiaoneras  grande.  Marali ;  froiit  view. 

FiooBE  32.— Tlieiwme  vortc'bra;  side  viev.     All  the  flKuresareone-fourthiuiur^ 

.iize,     'I.  fin'c  for  attofl;  /.  lateral  foramen;  n  c,  neural  cuU; 

0,  odontoid  proccsB;  n,  neiirnl  Hpine:  z.  naterior  zjgapoplijti*- 

i',  posterior  lygapophysis. 


TiiK  VkktkbKjK. 

"  The  cervical   vertf^bi-it;  of  the  Dinoce/tUa,  in  their  miie 

characters,  resemble  those  of   the    Proboscidians.      The  atlai 

and  axis  are  somewhat  similar  to  those  of  the  etepbaut.    Tb« 
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nrt  of  the  cerricale  are  proportionally  longer.  The  entire 
Beck  was  about  one-third  longer  than  in  the  elephant,  thtis  ren- 
dering a  prohoacis  nnneceBsary,  as  the  head  couJd  readilj  reach 
tin  ground. 

"All  the  presacral  vertcbree,  behind  the  atlas  and  axis,  have 
the  articular  faces  of  the  centra  nearly  flat,  as  in  the  typical 
FroboecidiaoB. 

"  The  trunk  vertebree  in  the  Dinocerata  are  proportionally 
longer  than  those  in  the  cervical  region.  The  articular  faoee 
of  the  centra  are  likewise  nearly  ^eX,  the  moet  of  them  being 
distinctly  concave. 


PlSCU  33. — Second  dorsal  vertebra  of  DiiuKeraa  mirabOt,  Uarah;  (ront  view. 
Fleuu  34. — TlM  ume  vertebra;  Bide  view,    n,  neural  canal;  (,  neuial  Bpine; 
i',  posterior  ^gapohjaia. 


The  Pobe  Liubs. 
"The  limb  bones  in  the  Dinocerata  are  nearly  or  quite  solid, 
ind  this  is  true  of  all  the  skeleton,  a  portion  of  the  skull  alone 
excepted. 

"The  fore  limbe  in  the  Dinocerata  liave  a  general  resem- 
blince  to  those  of  Proboscidians. 

"The  fore  foot  in  all  the  Dinocerata  is  larger  than  the  hind 

foot    The  bones  composing  it  are  comparatively  short  and 

\   madre.     There  were  five  well-developed  digits,  as  in  Probos- 

r  eidians,  but  the  carpal  bones  were  interlocked  with  the  meta- 

f  wpals,  as  in  Periseodactyls.     The  general  appearance  of  the 

t   fore  foot  in  Dinoceras  mirabite  is  well  shown  in  figure  35. 

The  hind  foot  is  represented  in  figure  36,     The  feet  were  plan- 

t^nde,  as  in  the  elephant. 
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"  There  are  eight  Eeparate  carpal  bones  in  the  fore  foot  of  iH 
the  Dinooerata,  aud  a  ninth,  the  central  bone,  ma;  be  Bepanta 
in  very  young  aniinale,  and,  in  adults,  either  lost  or  consolidated 
with  the  scaphoid,  oi'  the  trapezoid.  *  •  *  *  The  metacHptl 
bones  in  the  Dinocerata  are  short  and  robust.  *  *  *  *  T^ 
phalanges  in  the  fore  foot  of  the  Dvnocerata  are  very  short, 
and  comparatively  ninall. 

"Sternal  bones  are  preserved  in  a  number  of  individnale (^ 
the  Dinocerata  in  the  Yale  Muaenui,  but  the  entire  seriei  in 
any  one  individual  has  not  been  recovered.  *  *  *  *  The  matt 
marked  character  of  tliesc  bones  in  the  Dinocerata  is  that  thar 
are  Hat  and  hori/xjntal,  as  in  the  Artiodactyls,  and  not  vertica, 
as  in  the  Proboscidians,  and  the  Perissodactyfe." 

The  pelvis  in  the  Dinocerata  has  a  general  resemblance  to 
that  of  the  elephant.  The  ilia  were  widely  expanded,  u  in 
that  animal.     There  are  four  sacral  vertebrse. 


le-atlb  Qitunl  liK 


The  Hind  Limbs. 

"  The  hind  limbs  of  the  DinocprcUa  have  a  general  resem- 
blance to  those  of  Prol>o8cidians,  hut  the  bones  composing  them 
are  comparatively  shorter,  and  more  robust.  When  the  animal 
was  standing  at  rest,  the  ]>osterior  limb  formed  a  strong  aud 
nearly  vertical  column. 

"  The  hind  feet  in  the  Dinocerata  were  considerably  smaller 
than  those  in  front.  *  *  *  *  There  were  five  digits,  as  in  the 
Proboscidians,  and  the  axis  of  the  foot  was  through  the  third, 
or  middle,  digit. 
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"  There  are  seven  well  developed  tarsal  bones  in  the  Dinoce- 
ivto,  and  their  relative  position  in  the  hind  foot  is  seen  in 
Igure  36.  *  *  *  *  An  eighth  tarsal  bone,  the  tibiale,  appears 
to  have  been  present. 

"The  astragalus  in  the  Dinocerata  considerably  resembles 
dut  of  the  elephant,  the  bone  being,  as  in  that  animal,  very 
diort,  along  the  axis  of  the  leg  and  foot. 

"The  calcaneam  is  short,  and  comparatively  more  robust  than 
mthe  elephant.  As  in  that  animal,  it  is  strongly  tuberculated 
below,  where,  during  life,  it  doubtless  supported  a  thick  pad, 
resting  on  the  ground." 

Restorations. 

From  Chapter  XIII,  on  the  restorations  of  Dinoceras  and 
Tvnoceras^  the  following  extracts  are  selected  : 

**  In  the  restoration  of  Dinoceras  mirahile  on  Plate  LV,  the 
remains  of  the  type  specimen  of  the  species,  a  fully  adult,  but 
not  old  individual,  have  been  u^  lor  the  more  important 

Srts,  and  the  remaining  portions  taken  from  other  individuals, 
lis  restoration  is  one-eighth  natural  size. 
^The  animal  is  represented  as  walking,  and  the  position  of  the 
bead,  and  the  feet,  nas  been  chosen  to  show,  to  the  best  ad- 
'  fuitage,  these  portions  of  the  skeleton  as  they  were  in  life.    In 
tide  restoration,  only  those  portions  are  shaded  which  are  repre- 
sented by  actual  specimens  m  the  Yale  Museum.     The  parts  in 
bontliiie  are  wanting,  or  are  so  poorly  preserved  that  only  their 
main  features  can  be  given  with  accuracy. 

"In  the  restoration  of  Tinoceras  ingens^  Plate  LVI,  the 
fljnul  is  represented  one-sixth  natural  size,  and  standing  at 
TvL  The  position  here  chosen  shows  the  massive  and  ma- 
jestic form  of  one  of  the  largest  individuals  of  this  remarkable 
group.^'  A  reduced  copy  of  this  restoration  is  given  in  figure  37. 
"m  comparing  Dinoceras^  as  here  restored,  with  some  of  the 
lai^est  ungulate  mammals  of  the  present  day,  a  certain  resem- 
blmce  to  the  rhinoceros  on  the  one  nand,  and  to  the  elephant  on 
the  other,  will  naturally  suggest  itself.  In  size  and  proportions, 
Dinoceras  was  intermediate  between  these  two  existmg  animals, 
and,  in  various  points  of  its  structure,  it  resembled  the  one  quite 
ai  mnch  as  the  other.  In  still  other  features,  Dinoceras  re- 
sembled the  hippopotamus. 

"In  its  stature  and  movements,  Dinoceras  prohahly  resembled 
die  elephant  as  much  as  any  other  existing  form.     Its  remarka- 
ble skull,  longer  neck,  and  more  bent  fore  limbs,  gave  it,  how- 
evBTj  a  very  different  appearance  from  any  known  Proboscidian. 
The  high  protuberances,  or  horn-cores,  on  the  head,  the  long, 
trenchant,  canine  tusks,  and  the  peculiar  lower  jaw  modified  for 
ief-  protection,  are  features  seen  together  only  in  this  group. 
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"  The  neck  was  long  enough  to  permit  the  head  to  reach  th 

ground,  and  hence  a  proboscis  was  quite  unnecessary.  Th 
orizontal  narial  opening,  the  long  overnanging  nasal  bones,  an( 
the  well  developed  turbinal  bones,  are  likewise  proof  positiir 
against  the  presence  of  such  an  organ.  There  is  some  evideno 
of  a  thick  flexible  lip,  resembling,  perhaps,  that  of  the  exigtinj 
rhinoceros. 

'^  The  remarkably  small  brain,  and  the  heavy  massive  limbs 
indicate  a  dull,  slow-moving  animal,  little  fitted  to  withstanc 
marked  changes  in  its  environment,  and  hence  it  did  not  snr 
vive  the  alterations  of  climate  with  which  the  Eocene  period 
closed. 

''  Both  the  animals  chosen  for  these  two  restorations  were 
evidently  males,  as  shown  by  the  lofty  protuberances,  or  h( 
cores,  on  the  skull,  and  the  powerful  canine  tusks.  In 
females,  these  parts  are  but  feebly  developed,  as  shown  in 
specimens  described  in  the  preceding  chapters.  The  indii 
uals  here  restored  were  certainly  thnce-armed,  and  well  fit 
to  protect  themselves,  and  their  weaker  associates,  from  any  oj 
their  Eocene  enemies. 

"The  exact  form  and  nature  of  the  ofEensive  weapons  whicl 
surmounted  the  head  of  the  Dinocerata  cannot,  at  present,  b 
determined  with  certainty.  That  the  paired  osseous  elevation 
seen  on  the  skull  in  all  the  known  species  of  this  group  did  do 
support  the  kind  of  horns  seen  in  the  typical  Kuminants  i 
evident  from  their  external  surface,  which  lacks  the  vascula 
grooves  so  distinct  on  the  honi-cores  of  those  animals. 

"  Possibly,  the  Dinocerata  may  have  been  armed  with  horn 
similar  to  those  seen  in  the  American  antelope  {AntUocapra] 
since,  in  this  animal,  the  horn-cores  are  even  smoother  than  in  tb 
order  here  described.  More  probably,  however,  the  bony  pre 
tuberances  on  the  skull  were  covered  with  bosses  of  thick  skin 
hard  enough  to  be  effective  in  combat.  Evidence  of  sucl 
contests  has  apparently  been  recorded  in  the  injuries  to  tlw 
horn-cores  of  some  individuals,  received  during  life.  None  oi 
the  covering  of  these  elevations,  or  horn-cores,  has,  of  course, 
been  preserved ;  yet  a  fortunate  discovery  may,  perhaps,  reveal 
their  nature  by  tlie  form  of  a  natural  cast,  as  the  eye-ball  ol 
the  Oreodon  is  sometimes  thus  clearly  indicated  in  the  fin< 
Miocene  matrix  which  occasionally  envelops  these  animals. 

*'  The  short  robust  feet  of  the  Dinocerata  were  doubtleft 
covered  below  with  a  thick  pad,  as  in  the  elephant,  since  the 
whole  under  side  of  the  foot  clearly  indicates  such  a  protectioa 
No  portion  of  this  covering  has  been  preserved  in  any  of  the 
known  specimens,  and  no  foot-prints  indicating  its  form,  have 
been  discovered,  in  the  Eocene  deposits  in  which  the  Dinoa^ 
erata  were  entombed." 
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The  size  of  Titwcertu  ingena,  as  he  stood  in  the  flesh,  was 
about  twelve  feet  in  length,  or  sixteen  meaenred  from  the 
,  VDH  to  the  end  of  the  tail.  The  height  to  the  top  of  the  back 
)_  ns  sbont  six  and  one-half  feet,  and  the  width  across  the  hips 
^  ibont  five  feet.  The  weight,  judging  from  that  of  existing 
BUDmals,  was  about  dz  thousand  ponnde. 

'^Dinocerat  mirabUe  was  about  one-fifth  smaller.  The  neck 
WIS  longer,  but,  in  other  respects,  the  proportions  were  nearly 
fteaame." 


Tmdu  31.— Restoration  o(  Tinaxrat, 


The  concluding  chapter,  XIV,  contains  a  fnll  discussion 
of  the  genealogy  of  ungulate  mammals  in  general,  and  the 
nlitions  of  the  Dinoeerata  to  other  groups.  We  quote  as 
Movb: 

"Our  present  knowledge  of  the  Mammalia,  living  and  extinct, 
cleiriy  indicates  that  they  must  go  back  at  least  to  the  Pennian. 
The  generalized  mammal  of  that  period,  or  of  still  earlier  time, 
w»  probably  quite  small,  and,  in  many  respects,  like  an  Ineecti- 
ror.  This  primitive  type  would  ^latu^ally  possess  all  the 
general  characters  found  in  later  forms  in  the  various  orders 
of  mammals. 

'■  This  generalized  mammal  would  belong  to  the  group  named 
Bgpoth^rta  by  Huxley,  who  has  laid  a  sure  foundation  for  in- 
reMt^tion  in  this  line  of  research. 
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Gbnualogy  of  Ungulatks. 

'^  From  this  primitive  type  of  mammal,  a  special  line  apptr 
ently  led  ofi  through  the  Tnassic  and  Jurafisic  to  the  Cretaceou, 
where  it  formed  a  well-marked  group,  which  may  be  called 
the  ProtungvlcUa^  the  probable  ancestors  of  all  succeeding 
ungulate  mammals. 

'^  From  this  generalized  ungulate,  the  skeleton  of  which  we 
now  know  almost  as  well,  apparently,  as  if  we  had  it  before  u,  a 
direct  line  would  appear  to  have  continued  up  to  the  preeent 
day,  and  be  represented  by  the  living  Hyrax.  Several  divei]g^ 
ent  lines  passed  off  probably  from  the  same  stem,  and  three  of 
these  have  continued  to  the  present  time,  the  survivors  being 
the  Proboscidia^  the  Artiodactylay  and  the  Perisaodactyla, 
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Figure  38. — 018(0*801  to  illnstrate  the  frcnealoyrv  of  Ung^ilate  Mammals. 

'^Another  order,  iilso,  which  may  be  termed  the  ArnUyda^ 
ti/h,  pas6(Ml  oflF  apparently  from  the  main  ungulate  stem  in  the 
CretaceouB,  and  became  extinct  in  the  Kocene.  One  brandi  ter- 
minated in  Coryphodon^  in  the  lower  Eocene,  and  the  other, 
represented  by  tlie  Dinocerata  here  described,  came  to  an  end 
in  the  middle  Eocene. 
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In  figare  38,  above,  a  diagram  is  given,  which  shows  graphi- 
Jly  these  lines  of  descent,  and  the  most  probable  genealogy  of 
lodem  ungulates.  The  diagram,  being  on  a  plane,  can  only 
ddicate  the  general  position  of  these  divergent  lines. 

"  From  this  group  came  ofE,  evidently  in  the  late  Cretaceous, 
iist  the  Coryphodontiu^  having  nearly  all  the  above  characters, 
md  becoming  extinct  in  the  early  Eocene. 

"  The  Dinocerata  probably  branched  off  about  the  same  time, 
ind  survived  to  the  middle  Eocene,  thus  becoming  much  more 
q)eeialized  before  their  extinction. 

"Accepting  this  general  view  of  the  origin  of  the  Ungulates, 
living  and  extinct,  their  classification  has  been  outlined  in  the 
diagram  on  page  200. 

"  The  attempts  hitherto  made  to  give  a  detailed  classification 
of  all  the  Mammalia,  living  and  extinct,  have  signally  failed, 
mainly  because  only  a  small  part  of  even  the  extinct  forms  now 
known  were  included,  and  almost  every  new  discovery  tended 
to  break  down  the  definitions  so  systematically  recorded.  The 
time  for  such  an  exhaustive  classification  has  not  yet  arrived, 
and  all  that  can  be  safely  ventured  upon  in  the  present  state  of 
knowledge  is  to  indicate  the  main  groups  and  their  affinities, 
and  await  future  discoveries. 

^Excluding  the  aberrant,  a(][uatic,  Sirenians,  now  regarded  as 
of  ungulate  ancestry,  and  leaving  out  also  Toxodon  and  other 
Gttle  known  extinct  forms,  the  ungulate  mammals  may  then  be 
irranged  in  natural  groups,  as  follows  :  ^ 

CLASS  MAMMALIA. 

Sub-Class   MONODELPHIA. 

Super-Order  ITngulata. 
(1.)  Order  Hyracoidea. 
(2.)  Order  Proboscidea. 

(i)  Order  Clinodactjl.  j  Me««oiua  (PeriiaodjusKl.). 
^  '  \  Paraxonia  (Artiodactyla). 

^^The  characters  found  in  existing  mammals,  and,  to  a  great 
extent,  in  the  extinct  forms  from  the  Tertiary  to  the  present 
'  time,  are  clearly  of  two  kinds;    general   characters,  derived 
from  ancestral  forms,  and  special  characters,  acquired  in  adapta- 
tion to  their  environment.     Some  of  the  latter  may  be  negative 
eiancters,  acquired  by  the  disuse,  or  loss,  of  parts  once  advan- 
tageous. 

"The  first  series  of  characters  are  of  most  importance,  as 
thev  indicate  a  genetic  connection,  perhaps  remote,  with  the 
tiiflerent  groups  that  share  them.     Special  characters,  on  the 


T^ 
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other  hand,  however  cloeel^  tliev  mar  correspond  in  different 
groups,  do  not  necessarily  indicate  affinities,  but  may  have  beea 
acquired  by  adaptation  to  peculiar  surroundings,  in  groups  quite 
distinct  from  each  other. 

^^  These  facts  He  at  the  foundation  of  classification,  and  it  it 
only  by  keeping;  the  two  series  of  characters  separate,  that  the 
true  relationship  between  different  groups  of  animals  can  be 
made  out,  and  their  genealogy  indicated  with  any  probability. 

«  ¥:  «  «  *  «  ' 

Modification  of  the  Ungulate  Foot. 

'^  In  the  true  ungulate  mammals,  the  modifications  of  the  foot 
have  undoubtedly  taken  place  very  nearly  in  the  following 
manner : 

(1.)  The  primitive  Ungulates  {Prol/ungulata)  must  have  bad 
plantigrade,  pentadactyl,'feet,  with  the  carpals  and  tarsals  not 
mterlocking  either  with  the  metapodial  bones,  or  with  their 
own  adjoining  series.  This  would  give  a  weak  foot,  adapted 
especially  to  progression  in  soft,  swampy  ground. 

(2.)  For  locomotion  on  dry  hard  ground,  a  stronger  foot  wai 
required,  and  a  modification  soon  took  place,  in  the  interlod- 
ing  of  the  metapodials  with  the  second  row  of  carpals  ortl^ 
sak  that  supported  them.  Examples  of  nearly  this  stage  an 
seen  in  the  lore  feet  of  Caryphodon^  and  of  Dinocera%  as  shown 
in  figure  36. 

(3!)  A  still  stronger  foot  was  produced  by  the  further  inter- 
locking of  bo1;h  the  first  and  second  row  of  carpals  and  tarsals, 
as  well  as  the  latter  row  with  the  metapodials  below.  This 
general  type  of  foot  belongs  to  the  Ilolodactylu^  and  is  eeea 
also  in  some  of  the  early  Perissodactyls. 

During  these  two  stages  of  modification,  a  reduction  in  the 
number  of  digits  also  took  place,  evidently  as  a  result  of  tbe 
same  causes.  The  first  digit,  being  the  shortest  of  the  series, 
soon  left  the  ground,  as  progression  on  dry  land  with  the  plan- 
tigrade five-toed  foot  began,  and  was  gradually  lost. 

The  four  remaining  digits,  having  to  do  the  work  of  five, 
were  strengthened  by  the  mterlocking  already  mentioned,  and 
also  by  coming  nearer  together. 

(4.^  In  the  next  change  that  took  place,  two  kinds  of  redne- , 
tion  oegan.  One  leading  to  the  existing  perissodactyl  foot,  tod 
the  other,  apparently  later,  resulting  in  the  artiodactyl  type. 
In  the  former,  the  axis  of  the  foot  remained  in  the  middle  of 
the  third  digit,  as  in  the  pentadactyl  foot  In  the  latter,  it 
shifted  to  the  outer  side  of  this  digit,  or  between  the  third  and 
fourth  toes.  An  example  of  the  former  is  seen  in  the  forefoot 
of  Brontoiheriuia^  while  Oreofhm  shows  the  latter  type. 
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le  pofiition  of  the  axis  is  the  distinctive  feature  between 
s  two  types  of  feet,  and  not  the  number  of  toes,  as  the 
36  usually  applied  to  them  indicate.  In  this  respect,  the 
s  Artiodactyl  and  Perissodactyl  are  misleading,  and  hence 
lames  Pardxonia  and  Mesaxoniu  were  proposed  by  the 
3r,  as  substitutes,  to  express  the  true  axial  relation. 
)  In  the  further  reduction  of  the  perissodactyl  foot,  the 
digit,  being  shorter  than  the  remaining  three,  next  left 
p^und,  and  gradually  disappeared.  Of  the  three  remain- 
oes,  the  middle,  or  axial,  one  was  the  longest,  and  retaining 
apremacy,  as  greater  strength  and  speed  were  required, 
ly  assumed  the  chief  support  of  the  foot,  and  the  outer 
s  left  the  ground,  ceased  to  be  of  use,  and  were  lost, 
pt  as  splint  bones.  The  foot  of  the  existing  horse  shows 
best  example  of  this  reductioii  in  the  Perissodactyls,  as  it 
e  most  specialized  known  in  the  Ungulates. 
)  In  the  Artiodactyl  foot,  the  reduction  resulted  in  the 
ual  diminution  of  the  two  outer  of  the  four  remaining  toes, 
Jiird  and  fourth  doing  all  the  work,  and  thus  increasing 
!ze  and  power.  The  nfth  digit,  for  the  same  reasons  as  in 
perissodactyl  foot,  first  left  the  ground,  and  became  smaller, 
t,  the  second  soon  followed,  and  these  two  gradually  ceased 
8  functional,  or  were  lost  entirely,  as  in  some  of  the  Artio- 
yls  of  to-day.  The  foot  of  the  goat  shows  this  extreme 
ction. 


Extinction  of  Labgb  Mammals. 

During  the  Mesozoic  period,  all  the  mammals  appear  to  have 

I  small,  and  it  is  not  probable  that  any  of  large  size  existed, 

(Dtilian  life  then  reigned  supreme.     With  the  dawn  of  the 

lary,  a  new  era  began,  and  mammalian  life  first  found  the 

[itions  for  its  full  and  rapid  development. 

In  the  lower  Eocene,  the  largest  land  mammal  was  Cory- 

fon,  more  than  the  equal,  in  size  and  power,  of  any  of  the 

iles  of  that  time.     Jbinoceraa  and  its  allies,  in  the  middle 

jne,  were  much  larger,  and  were  clearly  the  monarchs  of 

region  in  which  they  lived.     In  the  upper  Eocene,  Dipla- 

n^  about  the  size  oi  the  rhinoceros,  was  the  largest  mam- 

but  each  of  these  three  died  out  in  the  period  in  which  it 

•ished. 

It  the  base  of  the  Miocene,  the  huge  Brontotheridm^  nearly 

irge  as  the  elephant,  suddenly  appear  in  great  numbers. 

J  remained  for  a  short  time  the  dominant  land  animals, 

then  became  extinct. 

rhe  Proboscidians  were  the  giants  of  the  Pliocene,  and 

the  supremacy  in  size  to-day,  out  are  evidently  a  declining 
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^^ The  cause  of  the  succeBsiye  diBappearance  of  each  fnonpol 
these  kree  Tertiary  mamiiials  is  not  difficult  to  find.  Th 
small  brain,  higlily  specialized  characters,  and  huge  bulk,  rai 
dered  them  incapable  of  adapting  themselves  to  new  condi 
tions,  and  a  change  of  surroundings  brought  extinction.  Tb 
existing  Proboscidians  must  soon  disappear,  for  similar  reafioni 
Smaller  mammals,  with  larger  brains,  and  more  plastic  stnu 
ture,  readily  adapt  themselves  to  their  environment,  and  BOi 
vive,  or  even  send  off  new  and  vigorous  lines. 

"The  Dinoceraia^  with  their  verjr  diminutive  brain,  fixe 
characters,  and  massive  frames,  flourished  as  long  as  the  oond 
tions  were  especially  favorable,  but,  with  the  hrst  geologio 
change,  they  perished,  and  left  no  descendants. 


Classification. 

"  The  Dinocerata  now  known  may  be  placed  in  three  genen 
Dinoceras^  Tifioceras,  and  Uintatherium,  These  may  be  sep 
rated  by  characters  of  the  skull,  vertebrae,  and  feet.  The 
are  also  indications  of  several  intermediate  forms,  which  ma 
perhaps,  he  found  to  represent  sub-genera,  when  addition 
specimens  in  good  preservation  are  secured  for  compariso 
Twenty-nine  species  may  be  distinguished,  mainly  by  the  ski 
alone,  which,  at  present,  offers  the  best  distinctive  characters. 

Sub-order  DINOCERATA,  Marsh. 
Family  Tixoceeatid^,  Marsh. 


Uintatherium y  Leidy. 

Teeth,  thirty-six. 
Lower  premolars,  four. 
Base  of  canine  tusk, 

nearly  vertical 
Parietal  protuberance, 

above  post-glenoid 

process. 
Cervical  vertebrsB,  of 

moderate  length. 
Lunar,  articulating 

with  trapezoid? 


Dinoceras,  Marsh. 

Teeth,  thirty-four. 
Lower  premolars,  three. 
Base  of  canine  tusk, 

nearly  vertical. 
;  Parietal  protuberance, 

above  post-glenoid 

process. 
Cervical  vertebrae,  less 

elongate. 
Lunar,  articulating 

with  trapezoid. 


TinocercLs,  Marsh. 

Teeth,  thirty-four. 
Lower  premolars,  thr 
Base  of  canine  tuftl 

horizontaL 
Parietal  protubenuM 

behind  i)oet-gleno 

process. 
Cervical  vertebrae, 

short. 
Lunar,  not  ariiculatii 

with  trai>ezoid. 


'*  These  three  genera  clearly  represent  three  stages  of  develo| 
inent  of  the  Dinoceraia^  and  these  st^jges  correspond  to  th 
successive  horizons  of  the  middle  Eocene  in  which  the  remaiD 
of  these  animals  were  entombed.  Uintatherium^  tlie  moi 
generalized  type,  is  found  at  the  lowest  level ;  DinoceroM  ^ 
from  a  somewhat  higher  stratum;  and  Tinoceras,  the  m<* 
specialized  of  all,  occurs  in  the  latest  deposits." 

In  the  Syn6psis  which  follows  this  chapter,  a  systematic  li 
of  all  the  species  of  the  Dinocerata  is  given  in  detail,  and  tl 
Yolnme  closes  with  a  Bibliography  of  the  important  literatm 

L.  P.  B- 
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\  XXVIL — On  Taconic  Rocks  and  Stratigraphy^  wilh  a  Oeo- 
gical  map  of  the  Taconic  region  (Plate  II) ;  by  James  D. 
*AKA. 

%  my  papers  of  1873  and  1877,*  on  the  Limestone,  Schists 
Qaartzyte  of  the  Taconic  region,  I  present  evidence  {\) 
1  the  facts  illustrated  by  various  stratigraphical  sections,  (2) 
a  the  continuity  and  common  features  oiF  the  conformable 
38  of  these  rocks  from  north  to  south,  and  (3)  from  fossils 
iting  (as  made  known  by  others)  in  some  of  the  beds,  that 
te  rocks  are  (A)  of  one  system  ;  and  (B)  of  Lower  Silurian 
;  and  (C)  have  the  Taconic  schists  as  the  upper  member  of 
series. 

Q  my  work  I  made  no  attempt  to  map  the  region,  since  the 
It  in  view  was  stratigraphical,  with  special  reference  to  the 
;hological  canon,"  and  its  illustration  did  not  seem  to 
land  it  The  evidence  presented  has  been  questioned  on 
ground  (1)  that  the  continuity  of  the  system  is  not  clearly 
iblished,  and  (2)  that  the  relation  of  the  quartzyte  to  the 
er  rocks  is  not  fully  worked  out.  In  order  to  remove  as  far 
nay  be,  the  uncertainties  on  these  points,  I  began  over  three 
IS  since,  a  new  study  of  the  region,  with  reference  to  its 
itigraphy  and  geological  structure,  and  the  details  required 
the  construction  of  a  geological  map.  Two  papers  in  the 
volume  of  this  Journal  contain  results  derivea  from  this 
BDt  investigation.  In  the  paper  here  begun  I  present  the 
ts  gathered  bearing  on  the  constitution  and  stratigraphical 
itions  of  the  rocks,  and  on  their  distribution  and  ^eograph- 
1  relations,  and  illustrate  the  subjects  by  means  oi  the  pre- 
ed  map  as  well  as  by  diagrams. 

Pbe  region  is  that  of  the  Taconic  rocks  as  first  laid  down  by 
lessor  Ebenezer  Emmons — these  rocks  including  according 
lis  original  enunciation  of  his  system :  (1)  The  Taconic 
ists  of  the  Taconic  range  and  of  the  subordinate  ridges 
bin  the  adjoining  limestone  area ;  (2)  the  limestone  forma- 
ts on  the  east  and  west  sides  of  the  Taconic  Range ;  and 
the  ^uartz^te  adjoining  or  within  the  limestone  area, 
^he  investigations  have  extended  over  Berkshire  county 
Massachusetts,  Salisbury  and  Canaan  in  Connecticut,  and 
completely  over  Pownal  and  Bennington,  Vermont,  and 
adjoining  eastern  border  of  the  State  of  New  York.  This 
ot  the  whole  of  the  true  Taconic  region,  as  it  continues 
;bward  to  central  Vermont;  but  it  comprises  the  portion 
was  the  special  subject  of  Professor  Emmons's  earlier 
stigations. 

♦ThiB  Journal,  III,  t,  vi,  1873,  and  xiii,  xiv,  1877. 
'.  Jour.  SoL^THmo  Series,  Vol,  XXIX,  No.  171.— Mxuch,  A^«»^, 
U 
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In  this  first  pari  of  my  paper  I  treat  of  the  southern  portion 
of  the  above-mentioned  area,  comprising  the  towns  of  Salisbar? 
and  Canaan  in  Connecticut  and  of  Mt  Washington,  Sheffidd 
and  New  Marlborough  in  Massachusetts,  with  the  adjoiniog 
eastern  border  of  New  York.  The  second  pari  will  cover  the 
middle  and  northern  portions  of  the  region.  In  a  third  partfl 
propose  to  discuss  the  relations  to  one  another  of  some  adjoiih 
ing  rocks  that  are  inferior  in  position  to  or  older  than  the  lime' 
stona 

a.   The  map  and  diagrams. 

The  scale  of  the  map  is  half  an  inch  to  the  mile ;  and  that  ^ 
of  the  plottings  from  which  it  has  been  reduced  one  and  a  half  i 
to  two  inches  to  the  mile.*    The  limestone  areas  are  the  colored 
portions.     The  rocks  of  the  uncolored  areas  are  indicated  in 
many  parts  by  initials,  as  follows : 


M,  ordinary  mica  schist, 
cM,  chloritic  mica  schist. 
qM,  quartzytic  mica  schist 

stM,  staurolitic  mica  schist. 

HM,  hydromica  schist. 


cHM,  chloritic  hjdromica  scbiit 
Q,  quartzyte. 
mQ,  micaceoug  quartasyte. 
On,  gneiM. 


The  rocks  mQ  and  qM  are  intermediate  between  quartzjte 
and  mica  schist. 

The  strike  and  dip  are  indicated  on  the  map  by  the  T-shaped 
svmbols,  according  to  the  method  explained  in  volume  xx  of 
this  Journal  (p.  360,  1880) ;  and  the  values  of  the  angles  are 
stated  in  annexed  figures.  (The  most  of  these  values  conse* 
quently  are  not  given  in  the  text,  one  place  of  publication 
being  sufficient.)  By  the  method  adopted,  where  the  dip  is 
45°  the  stern  of  the  T  is  made  half  the  length  of  the  top;  for 
larger  angles,  the  stem  about  equals  the  sine  of  the  dip,  half  the 
top  being  taken  as  radius  ;  for  smaller  angles  the  stem  is  made 
longer;  and  for  horizontality,  a  circle  is  used.  The  locality  of 
the  observation  is  indicated  by  the  point  of  junction  of  the 
top  and  stem  of  theT. 

The  positions  of  the  ore-pits  and  quarries  or  workings  are 
indicated  on  the  map  by  a  small  circle  with  a  letter  enclosed 
to  indicate  the  kind  of  workings:  F  signifying  iron-ore,  which 
ore  in  the  region  is  limonite  (in  miners'  language  brown  bema- 
tite) ;  M,  manganese-ore ;  K,  kaolin  or  porcelain  day ;  Q, 
quartzyte,  the  rock  quarried  in  the  region  for  the  heartDStones 
of  furnaces. t 

*  The  completion  of  unfinished  work  in  the  New  York  part,  has  led  to  boon 
changes  since  the  map  in  the  last  volume  of  this  Journal  (Plate  III)  was  printed. 

f  The  heights  stated  on  the  map  are  in  feet ;  and  those  along  the  railroads  m 
heights  of  the  railway  at  the  stations.  1  am  indebted  for  nearly  all  of  them  to 
the  levelings  of  Mr.  W.  E.  Pettoe,  Civil  Engineer  and  Surveyor,  Lakeville,  Con- 
necticut. Mr.  F.  V.  Fyler,  of  Winsted,  gave  me  (in  1877)  for  the  height  of  Btld 
Peak,  1996  feet,  as  his  own  determinatiou,  and  of  Bear  Mountain  by  estfptti, 
2250  feet.  The  height  of  Mount  Everett,  the  highest  summit  of  Mt  WasbiigtOD, 
is  from  the  Massachusetts  survey. 


1 
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A  few  localities  of  glacial  markings  are  recorded  by  means 
of  a  symbol  consisting  of  three  parallel  lines,  with  a  dot  on  the 
middle  one  marking  the  locality,  and  figures  at  the  southern 
end  indicating  the  angle  with  the  meridian. 

The  roads  are  given  because  they  were  often  used  as  a  base 
ID  fixing  the  limits  of  rooks  and  the  positions  of  localities;  and 
ibo  because  it  was  desirable  to  mark  the  localities  of  the  strat- 
^praphical  sections  inserted  in  the  text  so  plainly  that  any 
questioning  geologist  could  go  and  see  for  himself  and  not 
lemain — longer  than  he  wishes — in  a  fruitless  state  of  doubt 

Id  the  diagrams  the  symbols  for  the  kinds  of  rocks  are  those 
explained  on  page  7  of  this  voluma  In  the  case  of  the 
flections,  wherever  the  limestone  and  schist  in  superposition 
were  not  observed  in  actual  contact^  a  space  is  left  to  indicate  it, 
and  the  length  of  the  interval  is  usually  given  in  feet;  and 
when  these  sections  were  derived  from  surface  outcrops,  and 
not  from  transverse  cuts,  this  is  shown  by  a  vacant  space  in 
the  lower  outer  angle  of  the  diagram. 

The  evidence  of  conformability  between  the  schist  of  a  ridge 
tnd  the  limestone  adjoining  it  is  perfect  evidence  only  in  case 
of  actual  contact  between  the  rocks ;  it  is  generally  good 
when  there  are  several  outcrops  of  the  two  rocks  within  60 
ttrds  of  one  another ;  but  beyond  this  distance,  it  is  uncertain, 
becaose  the  dip  in  the  limestone  often  becomes  reversed  within 
800  yards  and  sometimes,  a  much  shorter  interval,  through  an 
inticlinal.  In  each  diagram  the  east  or  north  end  of  a  section  is 
(hat  to  the  right  hand 

Id  the  study  of  Berkshire  County  I  have  been  much  bene- 
fited by  the  geological  map  of  Massachusetts,  by  Professor 
Sdward  Hitchcock,  which  gives  a  good  general  view  of  the 
distribution  of  the  limestone  and  its  associated  rooks.  Perci- 
Ttl's  map  in  his  Connecticut  geological  report  (1842)  has  also 
been  of  service,  and  the  map  of  the  Vermont  geological  report 
(1861)  for  the  Vermont  portion.  But  in  all  parts  of  the  map 
herewith  published  the  lines  and  locations  are  given  from  my 
owD  personal  observations.* 

;.    In  all   geological   maps,   and  especially  in   one  of  eastern 
North  America,  the  lines  are  in  some  parts  unavoidably  con- 

'Ageolofpcal  map  of  the  Taoonic  region  accompanied  my  paper  printed  in  the 

Jtnroal  of  the  (Geological  Society  of  London  for  1882.    In  preparing  it,  the  Berk- 

ihin  and  Vermont  portions  of  the  map  were  copied,  with  very  little  change, 

from  the  maps  of  the  Massachusetts  and  Vermont  geological  reports.    The  map 

with  the  limestone  area  colored,   was    sent  with  my  paper  to  the  Greological 

&oety,  In  February,  1882,  in  order  to  make  the  paper  intelligible,  and  not  for 

jNdxIintion.     I  soon  learned,  howeyer,  that  the  Society  thought  best  to  publish 

k   The  fact  that  I  was  thus  to  be  the  author  of  a  geological  map  whidi  did  not 

iDBtni  corrections  from  my  own  observations — then  too  incomplete  for  satlsfac- 

oiy  age    was  a  strong  motive  prompting  me  to  a  more  detailed  survey  of  the 

IwoBie  region. 
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jectural,  because  the  surface  is  to  so  large  an  extent  earth- 
covered,  or  have  the  rocks  displaced  by  growing  forest  trees. 
Oood  outcrops  of  the  schist  ana  limestone  are  numerous;  yet 
they  largely  fail  along  the  limits  between  the  formations,  where 
of  most  interest,  because  these  limits  are  generally  near  the 
base  of  the  ridges,  and  there  the  limestone  has  usually  beeo 
worn  away  and  concealed  by  the  action  of  descending  waters; 
and  not  unfrequently  has  become  the  bottom  of  a  marsh. 

Outcrops  along  the  limits  between  the  quartzyte  and  limestone 
are  still  more  rare,  because  very  much  of  the  ouartzyte  ii 
a  fragile  crumbling  rock  and  covers  its  slopes  ueeply  with 
sandy  earth.  Some  quartzyte  ridges  present  no  external  e?i* 
dence  of  their  constitution  except  a  scattering  of  large  quartzyte 
bowlders  over  their  earthy  slopes  which  have  come  from  the 
harder  portions  of  the  decayed  beds.  Further,  the  hard 
quartzyte  has  usually  joints  and  uncertain  planes  of  bedding. 

The  drift,  moreover,  is  a  great  concealer  of  rocks,  along  the 
valleys  of  the  region,  and  also  very  widely  over  the  western 
slopes  of  the  higher  north-and-south  ridges. 

b.   General  geological  characteristics  of  the  laconic  region. 

By  way  of  introduction,  I  here  briefly  state  the  general 
geological  characteristics  of  the  region  as  deduced  from  my 
present  knowledge  of  the  facts. 

a.  The  most  striking  geological  feature  is  the  wide  and 
complicated  distribution  of  the  crystalline  (or  metaraorphic) 
limestone  formation  in  north-and-south  lines.  The  most 
marked  topographical  feature  is  the  existence  of  broad  north- 
ward trending  plains  or  valleys  and  narrower  parallel  valleys 
separated  and  bordered  by  high  ridges,  which  owe  their  loca- 
tion to  the  distribution  of  the  limestone,  and  to  the  fact  that 
degradation  has  gone  on  over  this  soft,  yielding  rock  to  a  depth 
exceeding  by  600  to  1,500  feet  that  over  the  other  rocks. 

The  rocks  of  the  intervening  ridges  are  various. 

b.  Along  the  Eastern  border  of  the  limestone  region  there  arc 
coarse  mica  schists,  gneisses,  and,  in  many  places,  quartzyte, 
mostly  older  than  the  limestone,  and  in  part  of  Potsaam  age. 
Part,  at  least,  of  the  gneisses  are  Archaean :  as  in  the  higher 
parts  of  Cornwall,  Kent  and  Sharon,  Conn.,  where  I  have  found 
chondroditic  limestone  and  other  proofs  of  Archsean  age;  at 
the  Hinsdale  railroad  station  in  Massachusetts,  where  I  discov* 
ered  the  same  evidence  of  the  Archaean  ;  north  of  and  in  the 
cut  south  of  the  Washington  railroad  station,  to  the  south  oi 
Hinsdale,  where  the  rock  is  a  zircon-bearing  syenyte  and  syen- 
yte-gneiss;  north  of  central  Clarksburg,  where  occurs  a  ridge  ol 
very  coarse  zircon-bearing  granite  (the   *^  Stamford  granite' 
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I  the  Vermont  Report) ;  and  probably  over  a  central  part  of 
le  r^ion  between  the  limestone  of  South  Lee  and  that  of 
[onterey,  along  the  southern  side  of  which  I  found  a  loose 
lass  of  chondroaitic  rock  like  that  of  Dalton.  With  regard  to 
he  age  of  the  rest  of  the  gneiss  of  the  eastern  borders,  I  have 
lot  yet  the  facts  needed  for  a  positive  conclusion. 

e.  Between  the  Eastern  border  and  the  Taconic  range  the  rocks 
li  the  ridges  include,  to  the  eastward^  chiefly  mica  schist  and 
:|oartzyte ;  to  the  westward,  hydromica  schist,  changing  to  the 
south  to  mica  schist,  without  quartzyte. 

i  The  Taxionic  range  consists  to  the  north  of  hydromica 
Bchist  and  to  the  south  of  mica  schist. 

d  West  of  the  Taconic  range,  the  rocks  are  hydromica  schist 
and  argillyte  (or  phyllyte). 
/.  All  the  rocks  are  metaraorphic. 

g.  In  no  ease  is  the  underlying  rock  uncrystalline  or  less 
metamorphic  than  the  overlying;  on  the  contrary,  the  two 
closely  correspond  in  grade  of  metamorphism. 

K  The  rocks  owe  their  positions  to  a  system  of  flexures, 
and  the  folds  or  flexures  are  to  a  large  extent  over-thrust  folds. 
The  thrust  was  westward ; — which  is  proof  that  the  pressure 
producing  the  flexures  yr&sjrom  the  eastward.  This  westward 
thrust  has  in  no  case  carried  the  gneiss  of  the  eastern  border 
o?er  the  limestone  or  over  the  associated  schist  ridges,  except 

Srhaps  in  two  cases,  one  in  the  far  east  Tyringham  valley, 
ass.,  and  the  region  of  Monterey  just  west,  and  the  other  in 
South  Canaan.  I  have  not  observed  any  gneiss  of  the  kind, 
or  my  other  true  gneiss  within  the  limestone  limits  north 
of  southern  Canaan  and  Salisbury. 

I.  The  quartzyte  of  the  Eastern  border  is  probably  of  Potsdam 
age.  In  1872  I  pointed  out  that  the  quartzyte  formation  of 
Poughquag,  in  southeastern  Dutchess  County,  lay  between  the 
limestone  and  adjoining  Archsean ;  and  later,  that  this  was 
true  of  the  same  south  of  Fishkill ;  east  of  Dover  and  Sharon, 
at  the  west  foot  of  the  Kent-Cornwall  Archaean  range ;  south 
and  Dorth  of  Kent,  at  the  east  foot  of  this  range ;  and  I  in- 
ferred from  the  position,  and  apparent  conformability  in  some 
cases,  that  its  age  was  Potsdam,  or  that  of  the  lowest  beds  of 
the  Lower  Silurian  of  the  region.  Similar  evidence  exists 
firther  north,  as  will  be  shown  in  the  course  of  this  paper. 

y.  The  quartzyte  west  of  the  eastern  border,  between  it  and 

tiie  Taconic  range,  overlies  the  limestone  conformably  and  is  an 

iodependent  formation,  newer  than  the  limestone. 

On  this  point  I  here  add  a  historical  note. 

In  my  earliest  paper  on  Berkshire  geology,  that  of  1873,  I 

jid  not  question  the  direct  stratigraphical  evidence  from  the 

ections,  and  announced  the  above  as  my  conclusion.     In  my 
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paper  of  1877,  following  that  on  Wind's  discoveries,  I  lefl  the 
question  of  age  undecided,  under  the  idea,  urged  by  Wing  and 
others,  that  the  stratification  might  have  been  reversed  bj 
overthrust  folds.  Again,  in  my  paper  of  1879,  the  doubt  ii 
admitted ;  and  in  that  of  February,  1882,  presented  to  the 
Geological  Society,  in  which  the  subject  is  briefly  reviewed,  I 
go  still  further  toward  the  opinion  that  the  quartzyte  is 
"mainly  if  not  wholly.  Primordial."  In  this  state  of  mind,! 
commenced  in  the  summer  of  1882  the  new  investigations, 
determined  to  remove,  if  possible,  the  doubt  on  the  question 
as  to  reversals  by  overturn  flexures;  and  the  final  concla* 
sion  is  essentially  identical  with  that  of  1873. 

The  conclusions  arrived  at  make  the  headings  of  the  subdi- 
visions in  this  and  the  following  part  of  my  paper,  and  areas 
follows : 

I.  The  limestone  formation  is  overlaid  conformably  by  the 
schists  of  the  Taconic  range  and  of  other  ridges  of  the  region 
east  and  west  of  the  range. 

II.  The  limestone  east  of  the  Taconic  range  is  overlaid  con- 
formably by  strata  of  quartzyte  and  quartzytic  and  ordinarj 
mica  schist 

III.  The  limestone  is  a  single  continuous  formation;  the 
same  is  true  of  the  overlying  schists  and  quartzyte.  • 

lY.  The  limestone  is  underlaid^  near  or  along  part  of  its 
eastern  border,  by  strata  of  quartzyte  and  associated  micaschiiL 

V.  Within  the  Taconic  region,  crystalline  texture  and  min- 
eral constitution  are  geographically  gradational ;  that  is,  vary 
gradually  from  north  to  south  and  similarly  from  west  to  east 

The  topics  are  to  a  considerable  extent  the  same  as  in  my 
former  papers.  But  they  are  illustrated  by  new  facts,  with 
the  aid  of  the  new  map  and  many  new  stratigraphical  sections, 
and  lead  to  some  new  results. 


Part  I — The  Southern  Portion  op  the  Region. 

I.   The  Limestone  formation  underlies  the  Schists  of  the  Taconic 

Range  and  of  other  associated  ridges. 

On  the  map,  accompanying  this  paper,  the  reader  has  before 
him  the  facts  as  to  the  distribution  of  the  limestone  (the  colored 
portion)  ;  the  outlines  of  the  included  schist  ridges  or  areas 
(uncolored) ;  the  form  or  outline  of  the  whole  of  Mt  Wash- 
ington, or  the  Taconic  range  ;  and,  through  the  T-shaped  sym- 
bols, the  angles  of  dip  and  strike  of  the  rocks  along  the  sides 
of  the  broad  Mt.  Washington  synclinal,  and  in  many  other 
parts. 

The  map  exhibits  the  fact  that  the  ridges  of  schist  which 
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kd  isolated  within  the  limestone  area, — as  isolated  as  islands 
.  aea — and  which  cluster  divergently  about  Mt  Washington, 
i  especially  its  southern  declining  portion,  are  continued 
fn  Salisbury,  eastward,  over  Canaan ;  that  eleven  of  them  a 
h  of  a  mile  to  five  miles  in  length,  exist  in  the  town  of 
.isbury,  and  eight,  of  smaller  sizes,  in  the  part  of  Sheffield 
ectly  north  ;  that  similar  ridges  occur  also  to  the  tvest  of 
•  Washington  ;  that  one  of  these  western  ridges,  WinchelFs 
)antain,  is  a  dividing  range  between  two  branches  of  the 
lestone  formation — one,  the  branch  (see  map,  plate  xiii,  in 
Ume  XX  of  this  Journal,  1880)  that  goes  to  the  Hudson 
nth  of  Poughkeepsie  and  is  in  part  fossiliferous ;  the  other 
It  which  extends  by  Millerton,  and  then,  after  an  interrup- 
)D,  bends  westward,  north  of  the  Putnam  County  Archssan,  to 
sbkill  on  the  Hudson. 

The  elevated  region  of  Mt  Washington  has  already  been 
own  to  be  a  synclinal  of  schist  with  underlying  limestone. 
$yoDd  I  present  further  details  relating  to  this  mountain  ;  and 
K)  evidence  that  the  same  structure  is  the  common  one 
long  the  subordinate  ridges  east  and  west  of  the  Taconic 
Dge.  In  giving  this  evidence  I  commence  with  the  town  of 
ilisbury. 

a.  Northeast  of  the  railroad  station  of  Limerock,  a  high 
off,  consisting  chiefly  of  limestone,  faces  the  river.  This 
uff  is  the  southeast  front  of  what  is  called  Gallows  Hill, 
bich  rises  from  the  limestone  plain  east  and  south  of  it  to  a 
jight  by  estimate  of  about  500  feet 

Gallows  Hill,  as  the  map  shows,  is  the  common  head  of  two 
iges  of  schist,  one  of  which  stretches  from  it  northwestward, 
«  other  southwestward.^  Each  consists,  like  other  Salis- 
iry  ridges,  and  Mt  Washington  in  part,  of  a  coarse  mica 
hist,  much  of  which  is  garnetiferous  and  staurolitic.  Being 
[Qs  alike  in  rocks,  and  hence  one  in  origin,  we  should  natu- 
Jly  look  for  evidences  of  wrenching  and  displacements  in 
allows  Hill,  their  common  head. 

Sach  evidences  exist  in  isolated  interior  patches  and  bluffs 
limestone,  and  in  other  feature&  Although  but  a  square 
ile  in  area,  four  limestone  patches  mark  the  courses  of  as 
any  faults;  one  at  each  2  and  2',  and  two  transverse  in  direc- 
10  at  3.  Besides  these,  other  faults  are  indicated  by  bluffs 
schist. 

The  bluff  southeast  front  of  Gallows  Hill,  referred  to  above,t 
isists  of  limestone  for  about  300  feet,  and  above  this  has  a 

This  muOiwestward  direction  is  probably  a  conseqaence  of  the  fact,  already 
Ml,  that  ao  Archsean  area  exists  to  the  south  and  southeast  in  the  hilly 
>n  of  Sharon,  Cornwall  and  Kent  which  was  a  resisting  mass  when  the  up- 
and  flexures  of  the  later  rocks  took  place. 
It  is  near  the  house  of  Mr.  L.  D.  (Goodwin. 
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cap  of  the  mica  schist  The  beds  dip  8°  to  10°  sontheutmtd 
(fig.  \).  Great  blocks  of  the  schist  (and  none  of  limestoDe)  lis 
at  ita  oase,  as  e 


of  the  limestone  I 


lult  of  undermining  by  the  dissolviag  vnj 

.hrough  descending  water.     The  figure  showi 

schist  over  Umestonf — the  fact  in  all  tba 

sections  of  the  hill  in  which  limestone 

comes  into  view. 

This  high  blufij  within  a  hnndred 
yards  of  its  south  end,  changes  abraptlr 
to  schist  from  top  to  bottom.  A  uaft 
intervenes,  which  is  covered  on  the  front 
by  a  great  triangular  mass  of  schist- topped 
limestone,  which  has  slid  down  from 
above.  The  direction  of  the  fault  is  frao 
^ '  east  to  west,  or  about  west  southwest 
ward  ;  it  appears  to  be  the  same  ihat  gives  an  abrupt  soaihern 
limit  to  the  limestone  area  No.  2'  (see  map). 

At  2,  the  summit  of  Gallows  Hill,  there  is  another  limeatont 
bluff,  rising  out  of  a  small  limestone  area.  It  faoes  westward, 
trends  N.  40°  W.,  and  has  its  beds  dipping  16°  in  thedireotioD 
N.  10"*-20''  E.     The  bluff  is  limestone  to  the  top,  but  it  hut 


cap  of  schist  just  east  of  its  highest  point  as  represented  in  Gg. 
2.  Another  section,  from  a  low  ledge  a  hundred  yards  farther 
south,  is  shown  in  fig.  3,  the  schist  and  limestone  in  contact. 

In  another  ridge  on  this  same  area  to  the  southeastward  of 
the  first,  the  upper  half  is  schist  and  the  rest  limestone,  and  the 
dip  is  westward  (N.  29°  W,),  The  outcrops  indicate  irregular 
fracturings  and  faultings  along  the  region  in  a  northwestward 
direction. 

A  third  prominent  line  of  fault  occurs  at  2'  where  there  is 
another  nearly  parallel  limestone  hluif 
facing  west.  A  cap  of  mica  schist  coven 
the  top  and  in  some  parts  makes  a  pro- 
jecting brow,  as  shown  in  flg.  4.  Tbe 
limestone  at  all  the  localities  is  impute, 
though  coarsely  crystalline,  and  here 
there  is  a  layer  o£  mica  schist  25  feet 
thick,  besides  thinner  intercalations. 
At  3,  just  north  of  the  last  locality,  are  two  narrow  par»Uel 
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[s  of  limestone,  nearly  east-and-west  in  direction,  indicat- 
two  lines  of  faulting,  transverse  to  the  preceding.  Fig.  5 
jBODts  a  section  across  the  beds  from  south  to  north, 
Dgh  the  two  belta  The  southern  belt  has  the  overljing 
Hand  limestone  in  direct  contact,  with  the  dip  25°-30°  to 


northward  ;  and  in  a  front  view  the  becis  at  the  place  are 
ed  as  in  fi)(.  6.  The  dip  in  the  northern  line  is  about  36°. 
w  small  belta  of  limestone  also  hare  interruptions  which 
Mte  irr^ularities  from  wrenching  in  the  fracturing. 
I  all  the  sections  in  this  reKiop  the  evidence  as  to  order 
iperposition  is  of  the  perftct  ki  nd.  No  overturn  or  westward 
tiirnst  is  at  all  probable.  For  staurolitic  mica  schist  does 
exist  to  the  eastward,  while  it  is  the  rock  of  ridges  to  the 
iward.  At  the  north  end  of  the  ridge,  five  miles  to  the 
hwestward,  the  limestone  dips  under  the  schist  at  the  east- 
angle,  giving  further  evidence  as  to  its  underlying  position 
the  synclinal  character  of  the  ridge. 

Three  mites  north  of  G-allows  Hill,  at  4,  there  is  the  south 
of  another  schist  ridge.  In  the  view  from  the  southward 
ID  stratum  of  schist  having  the  eastward  pitch  of  the  sur- 

overlies,  like  a  blanket,  a  bed  of  white  limestone,  as  repre- 
lA  in  fig.  1.  The  limestone  directly  below  the  schist  has  a 
ical   front  with  some  schist-capped   recesses;    but  south  of 


bluff  portion  it  spreads  widely  as  the  rock  beneath  the 
ing  fields,  showing  itself  in  occasional  outcrops.  The  dip 
be  beds  is  oblique  to  the  section,  being  35°  to  the 
1°  E.,  the-strike  being  N.  lfl°  W.  The  section  does  not 
>  whether  the  ridge  is  synclinal,  anticlinal,  or  monoclinal 
igh  a  fault). 

To  the  northwest  of  the  last  locality  at  5,  is  a  small  ridge 
ihiflt,  named  Turnip  Bock.    It  is  al>out  a  fourth  of  a  mile 
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long.  The  sohiat  overlies  the  limestone  in  a  shallow  sjd 
and  comes  nearer  to  being  a  horizontal  remnant  than  any  '. 
elsewhere  seen.  Limestone  makes  the  base  of  the  hill  $ 
resented  in  6g.  8;  which  figure  answers  equally  well  f( 
tions  up  the  hill  from  the  southward,  southeastward  anc 
ward. 

d.  In  northeastern  Salisbury  stands  one  of  the  larger 
of  mica  schist  named  Toms  Mountain.     At  its  very  i 
south  end,  where  it  crosses  the  road  (see  map),  the  lim 
and  schist,  in  outcrops  about  a  dozen  yards  apart,  may  b 
dipping  alike,  25°,  in  the  direction  S.  81®  E. — the  strike 
N.  9°  E.     Nothing  at  the  place  indicates  whether  the  sc 
an  intercalated  stratum,  or  the  south  end  of  a  flexure ;  fo 
ward  dips  exist  on  both  sides  of  it;  and  this  continues 
ward  to  and  beyond  the  railroad.     But  abreast  of  the 
end  of  the  lake,  the  limestone  extends  high  up  the  stee 
slope  of  the  mountain  and  passes  beneath  the  schist 
pitch  of  but  10°.     Further,   on   the  east  slope,  nearly 
mile  from  the  Massachusetts  line,  where  the  mountain 
cessed,  it  comes  out  from  beneath  the  schist  60  feet 
above  the  base  of  the  mountain  with  a  similar  small  dip. 
synclinal  is  a  westwardly  careened  trough  to  the  south, 
very  shallow  and   broad    trough   to  the   north.     Neare 
Massachusetts  boundary,  the  schist  extends  across  th( 
eastward  with  a  small  dip. 

e.  In  the  part  of  Sheffield,  that  lies  north  of  Salisbui 
west  of  the  Housatonic,  the  smallest  of  the  areas  of  sol 
only  200  yards  long.  A  group  of  these  areas  in  the  soi 
part  of  the  town  looks  as  if  consisting  of  remnants  of  th 
side  of  Toms  Mountain  synclinal.  The  limestone  in 
they  lie,  dips  beneath  the  schist  conformably  on  the  wes 
and  over  it  on  the  east,  giving  no  evidence  as  to  whethe: 
are  isolated  intercalated  layers,  or  the  thin  summits  of 
excepting  the  fact  of  the  relation  in  position  to  Toms  ] 
tain  just  mentioned,  and  the  resemblance  of  the  rock  to  t 
this  mountain  and  of  Mt.  Washington.  The  northern  ( 
areas  northwest  of  Sheffield  village  (where  a  recess  in  the 
is  called  Bear's  Den)  is  the  most  northern  locality  of  stau 
mica  schist  I  have  met  with.* 

/  Wincheirs  Mountain,  in  New  York,  west  of  Mt  Wa 
ton,  is  a  ridge  of  hydromica  schist,  becoming  finer-graine 
argillyte-like  on  the  west.  To  the  northward  the  dip  c 
schist  is  eastward,  and  mostly  35°  to  60°.  West  of  Mil 
the  ridge  sends  off  an  eastern  spur,  southeast  in  trend  ;    t 

*  The  occurrence  of  staurolite  crystals  in  the  mica  schist  of  the  small  ai 
the  Tillage  of  Sheffield  was  first  anDOunced  by  Dr.  Chester  Dewey,  in  18! 
the  same  in  the  Salisbury  mica  schist,  by  Prof.  0.  A.  Lee,  in  1822.  {i 
Journal,  yiii,  7,  and  v,  36.) 
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I  open  area  between  the  mountain  and  the  spur,  where  a 
lestone  plain  begins,  the  limestone  comes  oat  from  beneath 
s  slates  of  the  mountain  almost  horizontally  (see  T-symbols 

the  map),  and  disappears  in  a  similar  manner  beneath  the 
lies  of  the  spur  with  a  dip  slightly  eastward.  The  inferior 
ution  of  the  limestone  is  plain.  On  the  east  side  of  the  spur, 
mg  the  Harlem  railroad,  where  the  spur  joins  a  schist  ridge 

northeast  trend,  the  limestone  overlies  the  schist  with  a  dip  of 
^  (the  direction  of  dip  N.  18°  E.) ;  the  proof  of  the  underlying 
ntion  of  the  limestone  being  accepted,  this  overlying  lime- 
one  indicates  only  a  westward  careening  of  the  synclinal — the 
mal  fact 

g.  The  evidence  that  Mt.  Washington  is  a  synclinal  in  struc- 
ire  (or  rather  a  compound  synclinal),  as  already  explained  in 
le  last  volume  of  this  Journal,  is  well  shown  on  the  map ;  and 
I  the  roads  are  given,  it  exhibits  the  facts  more  intelligibly  to 
le  reader  than  the  map  of  the  former  paper.  Along  the  west 
ide,  eastward  dips  are  universal  in  both  the  limestone  and 
diist,  and  the  angle  is  mostly  between  40°  and  60°.  Along 
be  eastern  foot  the  angle  of  dip  in  the  schist  and  the  nearest 

9. 


imestone  is  small  in  Massachusetts,  being  10°  to  15°  westward 
it  the  north  extremity  in  Egremont;  10°  to  25°  W.  along  by 
ipurr's  (see  map),  and  about  the  same  in  the  bluffs  near  Roys's. 
a  this  Massachusetts  part,  in  which  the  synclinal  has  a  broad 
ray-like  form,  the  limestone  makes  a  high  base  to  the  moun- 
tiD,  it  being  the  rock  of  the  lower  150  to  250  feet  Nearing 
Sonnecticut,  and  within  that  State,  the  dip  of  the  schist  and 
imestone  at  the  base  of  the  mountain  increases,  being  50°  to 
6®  W.  half  a  mile  north  of  the  Connecticut  line,  and  mostly 
0°  to  65°  at  Sage's  Ravine  just  south  of  the  line.  Farther 
Mitb,  west  of  ore-pit  i  (Camp's)  the  dip  is  about  vertical,  and 
rest  of  the  ore-pit  h  (Scoville's),  it  has  10°  of  easting.  The  syn- 
linal  of  Mt.  Washington  is  hence  shallowest  to  the  north  ;  and, 
ke  all  the  rest,  is  not  a  symmetrical  trough. 
Figure  2  in  the  Mt.  Washinjjton  paper  (page  271)  represents 
le  position  of  the  rocks  at  17  on  the  map,  near  L.  Koys's ;  and 
z.  1,  that  on  the  west  side  of  the  mountain  at  18,  east  of 
l^eed's  ore-pit     The  above  figure  9,  represents  a  section  at 
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16,  near  the  north  end  of  the  mountain,  and  about  500  jtik 
(by  pacing)  from  the  road ;  and  fig.  10,  the  same  at  16. 

The  email  limestone  areas  in  the  Mt  Waahington  region  wot 
of  Lakeville,  and  which  are  probably,   as  observed  in  the  1ft 
Washington  paper,  decapitated  anticltnals,   are  situated  neii; 
jQ^  and  north  of,  the  upper  road  to  Millv 

ton.  The  quarry  of  limestone  witk 
overlying  schist  represented  in  Ggnil 
3  of  that  paper,  occnre  in  area  1 ;  th 
locality  of  fig.  4  is  along  the  road  it 
2 :  and  that  of  5  in  the  field  at  I, 
„  where  a  narrow  strip  of  schist  a^ 
°  rates  this  area  from  No.  4.  The  ana 
4and6are  probably  parts  of  a  single  anticlinal  flexure,  the  nhilt 
of  which  atill  remains  over  a  middle  portion.  Area  9  is  in  tin 
bed  of  a  brook  near  a  fence  which  follows  the  New  YoHt 
boundary,  a  short  distance  norih  of  a  bridge  over  the  broo^ 
and  about  1,000  yards  (by  my  pacing)  north  of  the  carriage  roii 
Area  8  is  a  doubtful  one,  since  the  only  outcrop  of  limestoae 
found  was  small,  and  it  may  be  that  of  a  Ibose  mass;  yet  tbi 
ore-bed*  and  the  flat  valley  south  of  it  are  pretty  good  addi- 
tional evidence  as  to  the  existence  of  limestone  beneath. 

Southward  dips  alternating  with  eastward  occur  in  tbt 
southern  extremity  of  the  mountain  at  outcrops  along  the  md 
east  and  west  of  Lakevilte  and  also  to  the  north. 

The  western  lobe  of  limestone  in  southern  Egremont  extend- 
ing south  into  the  Mt.  Washington  area  may  continue  south- 
ward to  the  first  road-junction,  since  a  well  near  there,  at  Mr. 
0.  C.  Whitebeck's  (as  I  am  informed  by  Mr.  H.  F.  Keith,  of 
Great  Barrington),  has  hard  water.  From  Mr,  Keith,  Iai» 
have  learned  that  four  miles  to  the  south  in  the  same  north- 
and-south  line,  near  the  eastern  foot  of  Elk  Mountun, 
there  may  yet  be  found  a  limestone  ledge,  as  an  old  deed  of 
property  reserves  the  limestone. 


II.    Tht  limestone  umUrlies  conformably  strata  of  Quartzyie,  and  rf 
quarlzytic  or  arenaceous  Mica  schist. 

The  limestone  of  Salisbury  and  Shef&eld  spreads  eastward 
across  the  Housatonic  Biver  into  Canaan  and  New  Marlborough 
and  covers  a  large  part  of  these  towns.  Mica  schist  is  the  rook 
of  many  ridges  within  the  limestone  limits,  as  it  is  west  of  th* 
Housntonic;  but  it  is  in  most  cases  a  much  more  areoaceoiis 
variety,  aud  it  is  not  staurolitic.  Quartzytc  is  the  chief  roclc 
of  many  of  the  ridges ;  and  it  occurs  both  massive  and  of  th0 
^^  *  D.  Cook's,  BDd  boaring  N.  60°  W  Irum  Ur.  Cook'i  bonw. 
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ell-bedded  fragile  kind.  The  latter  is  most  common;  it  is 
len  micaceous  and  graduates  into  arenaceous  mica  schist,  and 
lence  into  ordinary  mica  schist.  These  rocks,  like  the  schists 
I  the  west  side  of  the  Housatonic  River,  overlie  conformably 
le  limestone  formation.  Farther  north  in  Berkshire  county, 
ley  occur  also  to  some  extent  on  the  west  side  of  the  river; 
Mone  such  area  extends  over  the  northern  border  of  Sheffield 
ne  map).  The  following  sections  exhibit  the  order  of  super- 
oritioD. 
a.  West  of  South  Canaan  near  the  house  of  Mr.  T.  H.  Palmer, 
nd  in  the  fields  north  and  south  of  it  there  is  the  very  narrow 
Dp  of  an  anticlinal  outcrop.  Its  direction  is  N.  20°-31°  W. 
Ij  the  north  side  of  the  house,  at  a  small  quarry,  the  arching 
mestone  has  the  schist  in  place  on  the  northern  side  of  the 
iroh,  as  represented  in  fig.  11.  The  dips  are  greater  to  the 
Bght,  as  shown  in  the  figure,  and  correspond  to  the  distance 

11. 


12. 


jiom  the  axis.  In  the  field  northwestward  the  schist  continues 
irith  the  limestone  underlying  it  The  dips  are  less  regular  on 
^  south  side  of  the  anticlinal,  south  and  west  of  Mr.  ralmer*s 
rhoose,  owing  to  the  overthrust  character  of  part  of  the  arch. 
^  h.  In  South  Canaan,  near  7  (see  map),  on  the  south  side  of 
ptiie  west  end  of  Cobble  Hill,  on  and  near  the  road,  quartzyte 
^the  hard  massive  kind,  micaceous  in  its  upper  part,  is  over- 
(hid  by  mica  schist,  the  lower  beds  very 
■leDaceous  (fig.  12);  the  strike  is  N.  to 
H.  30**  K,  and  the  dip  20*^-25**  eastward. 
Ho  outcrop  of  limestone  occurs  near  by 
U>  show  whether  the  quartzyte  is  overlying 
»r  underlying. 

Above  the  mica  schist  there  is  a  whitish 
punitoid  gneiss,  and  this  is  the  rock  of  the  hill  to  the  east- 
irard.  It  is  a  remarkably  brittle  and  quartzose  gneiss,  and 
ipparently  comformable  to  the  schist.  But  a  good  junction  is 
lot  exposed  and  the  position  is  still  in  doubt  It  is  one  of  the 
•wo  cases  of  possible  oyerthrust  referred  to  on  page  193,  and 
m\\  have  fuller  description  at  another  time. 

€L  Canaan  Mountain  rises  800  to  1,000  feet  above  the  Canaan 
daina.  It  has,  on  its  south  west^  west  and  north  sides,  a  base- 
nent  of  limestone  varying  in  its  height  above  the  plain  from 
ibout  150  to  400  feet  This  limestone  basement  reaches  east- 
rard,  on  the  north  side  to  the  eastern  boundary  of  Canaan , 
nd,  on  the  opposite  to  the  road  up  the  mountain ;  and  beyond 
liese  points  rapidly  declines. 


518      J.  D.  Dana — Taconic  Bocka  and  Stratigraphy. 

Tha  dip  of  this  limestone,  as  the  T'b  on  the  map  indicite,i| 
townrd  the  mountain  on  the  three  sides;  and  the  same  is  trd 
of  the  OTerljing  Bcbist.     Fig.    13  shows  the  poaition  of  W 
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rocks  in  a  section  at  8,  oo  the  southwestern  side,  and 
the  same  at  9,  on  the  north  aide  near  the  western  end.     _ 
represents  the  section  on  the  north  side  at  10,  toward  itse 
end. 

The  limestone  in  its  apper  portion  is  often  impare 
"canaanite"  or  massive  white  pyroxene.  The  beds  of 
overlying  it  are  arenaceous,  and  an  interval  of  bedded  or 


ceous  quartzyte  intervenes  in  places.  The  thickness  of  the 
quartzytic  layer  I  could  not  determine  because  sandy  Boil 
usually  conceals  it.  In  the  third  section  (fig.  15),  large  manei 
of  hard  quartzyte  lay  over  the  surface,  as  evidence  of  ft 
quartzyte  stratum  below;  the  limestone  at  this  point  extend* 
400  feet  above  the  stream  at  its  base.  To  the  eastward  ihc 
mica  schist  of  the  top  loses  its  arennceous  character. 

d.  Church  Hill  is  a  lower  elevation,  close  by  the  west  end 
of  Canaan  Mountain  (at  11).  It  is  an  example  of  a  shallow 
synclinal.  The  limestone  basement  extends  high  up  the  hill- 
farthest  on  the  north  aide — as  illustrated  in  fig.  16,  which  is  * 
section  from  northeast  to  southwest.  A  marshy  area  ooveis 
part  of  the  summit,  and  hence  the  break  in  the  diagram.  Tli« 
achist  of  the  top  is  quartzytic  mica  schist. 

e.  Rattlesnake  Mountain,  northeast  of  the  village  of  Canunt 
laiata  of  arenaceous  or  quartzytic  mica  schist,    micaceons 

nte  and  onlinary,  but  mostly  bedded,  qaartzyte.    Tbeae 
Hton  limestone  in  a  region  of  limestone.     As  the  Ttf 
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I  the  map  point  out,  the  dip  in  Ibe  adjoining  limestone  on  the 
pt  side  is  westward,  on  the  south  northward,  and  on  the  west 
IMward,  proving  its  Bynclinal  character;  and,  aa  the  angles  of 
ip  show,  the  synclinal  has  its  steepest  margin  on  the  west  and 
EMtbweat  sides.    Figure  17  represents  a  section  on  the  east 


lie  at  12,  where,  in  a  number  oroatcrops  close  to  the  foot  of  the 

pMinAiin,  the  dip  is  westward.    East  of  these  outcrops  about 

0  jrarda  other  opposite  or  eastward  dips  occur  owing  to  an 

"  ilinal  ouUide  of  the  synclinal     Fig.  18  gives  the  position  of 


Ibe  rocks  on  the  west  side  at  13  (E.N.B.  of  the  house  of  M.  T. 
btiDger),  showing  conformabilitj  to  the  schist  in  the  limestone 
it  the  nearest  ontcrops,  but  various  flexures  outside  of  the 
■OQDtain  sjDclinal  in  the  next  400  yards,  and  very  bold  tlex- 
IrBB  in  the  limestone  at  the  western  end  of  the  section.  The 
ptle  limestone  ridge  of  bold  flexures  is  only  40  to  60  yards 
pide;  two  partial  sections  of  it,  taken  at  pointa  50  yards  apart, 
Mh  about  SO  feet  in  actual  length,  are  represented  in  Hgures 
Vsod  20.  The  facts  illustrate  the  irregularity  and  variety  of 
Im  dips  in  the  limestone  remote  from  the  base  of  the  ridge. 


/  Southeast  of  Rattlesnake  Mountain  and  Just  west  of  East 
jhnasD,  there  are  six  small  areas  of  hard  massive  quartzyte 
■solated  in  the  limestone,  the  largest  1,400  feet  long  and  the 
■nllest  180  feet.  The  two  larger  have  their  positions  given  on 
ba  oup.  These  areas  are  described  b;  the  writer  in  a  paper 
1  tbis  Jonnial  for  March,  1872  (p.  185),  and  a  large  map  of 
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the  region  is  there  given  from  a  manuscript  map  by  Mr.  Joseph 
S.  Adams.  No  good  sections  showing  positively  the  relatiooii 
of  the  quartzyte  to  the  limestone  exist  aoout  the  areas.*         ^ 

g.  The  ridge  in  eastern  Canaan,  Q  Q  Q,  consists  of  quartzjUL: 
part  of  it  of  the  hard  massive  kind,  and  part  thin-bedded  aod 
more  or  less  micaceous.  "  Hardheads,"  or  bowlders  of  qoaiti* 
yte,  are  common  over  it,  but  little  of  the  rock  is  in  place  owiQ|| 
to  the  depth  of  disintegration  of  the  porous  rock.  At  tbe; 
locality  in  East  Canaan,  where  the  Connecticut  Western  B.  i 
crosses  Whiting  Biver  and  the  carriage  road,  a  deep  sectioi 
exposes  to  view  the  auartzyte — a  very  thinly  laminated  fragile:! 
rock,  easily  crushed  oy  the  hand  to  sand;  its  dip  at  the  weik^ 
end  of  the  exposure  is  25^  E.,  but  to  the  eastward  it  becomei 
horizontal  and  westward  in  dip.  No  outcrops  of  limestonol 
occur  in  the  vicinity.  j 

A.  The  part  of  Sheffield  and  of  the  town  of  New  Marlbo-J 
rough,  lying  to  the  north  of  Canaan,  have  several  north  and 
south  ridges  of  quartzytic  mica  schist  (as  is  indicated  on  the 
map),  which  are  part  of  the  system  that  extends  from  Canaan 
northward  through  Berkshire.  I  have  not  found,  in  the  region, 
examples  of  limestone  and  overlying  quartzyte  in  close  or  near 
contact  and  hence  give  no  sections.  Owing  to  the  easy  decay 
of  most  of  the  bedded  quartzyte,  a  broad  earth-covered  8U^ 
face  commonly  separates  their  outcrops;  and  sometimes  8ncli.j 
a  surface  with  scattered  "  hard-heads"  is  all  that  is  to  be  seen 
over  their  slopes.  Good  sections  occur  in  the  towns  next  north, 
and  will  be  described  in  part  II  of  this  paper. 


III.    The  stratigraphical  continuily  of  the  limestotic^  and  alio  afl 

the  beds  overlying  H. 

The  facts  which  have  been  presented  show  that  the  lime- 
stone of  the  town  of  Salisbury,  is  plainly  a  single  stratum  or 
formation,  normally  underlying,  ana  therefore  older  than,  the 
schist  of  the  region. 

Again  :  topographical,  stratigraphical  and  lithological  faoti 
lead  to  the  similar  inference  that  the  schist  of  Mt.  Washingtoa 
— or  the  Taconic  schist — is  one  in  stratum  with  that  of  the 
various  ridges  over  Salisbury  that  diverge  from  this  mountain 
mass  and  in  other  cases  lie  parallel  to  it. 

This  limestone  continues  into  Canaan  and  the  towns  north; 

♦In  my  article  of  1872,  referred  lo  above,  T  make  the  quartzyte  older  thantfal 
limestone  and  unconformable  to  it  The  evidence  adduced  is  not  concluaiye,  is  ft 
did  not  depend  on  a  section  showing  superposition.  The'  argument  from  Aft 
jointed  structure  and  non-bedded  character  of  the  quartzyte,  and  the  absence  d. 
any  corresponding  features  in  the  limestone,  is  set  aside  by  many  facts  I  hsfl 
since  observed. 
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id  no  observed  facts  suggest  any  doubt  as  to  the  unity  of  the 
kole.  The  eastern  portion  may  differ  from  the  western  in 
bronological  limits,  but  all  is  evidently  of  one  and  the  same 
Mrmation. 

Ib  Canaan,  as  in  Salisbury,  the  schists  and  the  associated 
uitzyte  overlie  together  the  limestone  and  thus  present  the 
feme  stratigraphical  proof  of  identity  in  formation  and  age. 
Paither,  the  schists  of  Winchell's  Bidge  overlie  the  same  lime- 
lODe  and  have  the  same  claim  to  be  considered  a  part  of  the 
it  Washington  or  Taconic  stratum  as  the  ridges  to  the  east- 
imrd 

The  facts  thus  sustain  the  conclusion  that  the  formations 
mtoropping  within  the  region  considered  arj  two :  one  consist- 
iw  of  limestone ;  and  one,  overlying  this,  consisting  of  mica 
Knist  and  some  associated  rocks.  Other  facts  bearing  on  the 
^estion  from  the  rest  of  Berkshire  have  yet  to  be  presented. 


pnr.  Iht  limestone  overlies  conformably  strata  o/quartzyte  and  asso- 
f  dated  mica  schist,  proving  the  existence  of  an  inferior  quartzyte 
\  formation. 

I  Several  cases  have  been  mentioned  in  this  paper  (p.  209)  of 
■be  occurrence  of  quartzyte  and  schist  between  the  limestone 
nkl  a  neighboring  Archsaan  area.  I  have  also  referred  above 
ftp  the  fact  that  the  hill  region  of  Sharon,  Cornwall  and  Kent, 
iaortheast  in  trend  (and  called  by  me  elsewhere  the  Kent-Gorn- 
vall  range)  has  a  broad  axis  of  Archaean  rock,  and  a  belt  around 
it  of  the  Canaan  Salisbury  limestone,  as  mapped  by  Percival; 
ind  that  between  the  limestone  belt  and  the  Archaean  on  the 
aast  side  near  Kent,  and  on  the  west  side  near  Sharon  and 
Dover,  exist  some  of  the  localities  of  quartzyte  so  situated. 

The  same  Archaean  area  has  quartzyte,  with  the  associated 
mica  schist,  on  its  northwestern  side  or  that  fronting  Salisbury, 
H  indicated  by  the  Q's  on  the  map  ;  and  another  area  on  its 
M>rth  side  near  the  boundary  of  South  Canaan  and  Cornwall. 
Vtorn  the  position  of  the  quartzyte  between  the  limestone  and 
Uie  Archaean  it  is  probable,  as  has  been  stated,  that  this  quartz- 
yte is  older  than  the  limestone  and  of  the  age  of  the  Potsdam 
■mdstone.  No  outcrops  of  limestone  occur  close  against  the 
quartzyte,  and  we  are  unable  therefore  to  decide  the  question  as 
lo  conformability.  We  have  only  the  fact  of  conformity  in  dip 
•(distant  outcrops,  both  near  the  village  of  Kent  and  near 
Sharon.  Mica  schist  accompanies  the  quartzyte  on  the  borders 
if  Salisbury  and  South  Canaan  both  as  ordinary  mica  schist  and 
(he  quarteytic  variety,  overlying  and  underlying  it  conformably  ; 
ind  the  schist  does  not  differ  essentially  from  that  over  tibe 
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limeatone  in  Canaai].  These  qnartzyte  areas  have  a  hard,  gny, 
well  banded  gneiss  in  close  proximity,  the  age  of  wbich,— 
whether  of  the  Qaartzyte  rormatioD,  or  of  the  Archtean,  I  leave 
for  later  discussion. 

One  well  displayed  example  of  the  overlying  of  limestone  by 
qnartzyte  conformably  occurs  in  New  Marlboro,  north  of 
Canaan  Valley  (at  14  on  the  map).  Fig,  21  represents  the  sec- 
tion.    But  it  is  possible  that  the  overlying  is  a  couseqaenM  of 


an  overturn  fold.  The  qnartzyte  is  of  the  hard  massive  kiod. 
It  is  on  the  east  margin  of  the  area  which  has  a  bed  of  kaolin 
on  its  west  margin. 

There  is  one  feature  of  several  of  the  quartzyte  beds  that  ap- 
pear to  be  underlying,  which,  on  furiher  study,  may  becooe 
good  lithological  evidence  of  age.  This  is  the  occarrence  in 
some  of  them  of  a  large  amount  of  thecoarsely-feldspathic  varie- 
ty of  quarlzyte,  and  as  a  consequence  of  this,  the  existence  in 
or  near  them  of  large  beds  of  Itaolin.  Such  a  conjunction 
occurs  in  the  quartzytic  region  of  northeastern  Sharon  and  in 
others  to  the  north  in  Berkshire.  The  case  of  New  Marlboro 
.  is  probably  one  of  these,  although  the  feldspatbic  variety  of  tbe 
quartzyte  has  not  yet  been  found  ihere  in  place. 

I  omit  further  remarks  on  this  lower  quartzyte  and  its  rela- 
tions to  the  associated  schists,  including  the  adjoining  gnein, 
antil  I  have  given  the  subject  another  season  of  field  study. 

The  lithological  facta  from  the  region  considered  illuBlitte 
an  important  principle  in  regional  mctamorphism ;  the  reaalta 
as  to  degree  of  change,  And  kinds  of  minerals  produced,  an 
geographically  gradational,  they  varying  regularly  from  norib 
to  aoutn  and  from  west  to  east  A  review  of  the  facts  on  tbii 
point  will  close  this  part  of  my  paper. 
[To  be  oontiDued.] 
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^RT.  XXVIII. —  Variations  of  Latitude;  by  AsAPH  Hall. 

[*HS  International  Geodetic  Conference  held  at  Borne  in 
lober,  1883,  presented  to  the  notice  of  astronomers  the  ques- 
1  of  the  variability  of  latitudes.  A  plan  of  observation  was 
poAed  to  the  Conference  by  Mr.  Fergola,  an  Italian  astron- 
er,  who  has  made  the  matter  a  special  study,  and  this  plan 
J  referred  to  a  committee  composed  of  Messrs.  Villarceau, 
tchuyasen,  Cutts  and  Schiaparelli.  This  committee  reported 
orably,  and  in  due  time  the  proposed  plan  has  come  to  the 
3erintendent  of  the  Naval  Observatory  through  the  veteran 
]er  of  geodesy,  General  Bayer,  the  head  of  the  Prussian 
)detic  Survey. 

^.ccording  to  the  plan  of  Mr.  Fergola  the  variations  of  lati- 
eare  to  be  investigated  by  special  series  of  observations, 
de  with  the  best  prime  vertical  transit  instruments  on 
^cted  lists  of  stars.  An  important  feature  of  the  plan  is 
t  the  work  is  to  be  chiefly  diflferential.  Two  observatories 
to  cooperate;  for  example,  one  in  Europe  and  one  in 
lerica,  and  these  stations  are  chosen  so  that  tne  difference  of 
tade  is  small.  It  being  thought  best  to  confine  the  obser- 
ions  to  established  observatories,  in  order  that  similar  series 
y  be  more  certainly  made  in  the  future,  Mr.  Fergola  has 
scted  the  following  stations: 

Stations  selected.  Diff.  Lat.  Diff.  Long. 

pe  of  Good  Hope— Sydney 4'  22'         8»»  61" 

itiago — Windsor  (Aust.) 9    47  9    14 

me — Chicago 3    63  6    40 

pies— New  York  (Columbia  Coll.) 6    22  5    63 

Don — Washington 11      7  4    31 

\t  such  stations  as  these  the  stars  that  pass  near  the  zenith, 
1  which  are  best  suited  for  determinations  of  latitude,  can 
observed  at  both  stations  at  nearly  the  same  zenith  distance, 
e  conditions  would  be  such  that  the  variations  of  refraction 
old  be  small ;  and  if  the  observations  are  made  with  care 
I  skill,  and  with  the  best  appliances  of  modern  astronomy, 
difference  of  latitude  of  the  two  stations  must  be  deter- 
aed  with  the  utmost  accuracy.  If  the  observations  should 
repeated  after  an  interval  of  fifty  years  or  more,  the  ques^ 
Q  of  the  variability  of  latitudes  would  be  subjected  to  a 
ere  test. 

The  Conference  has  raised  an  old  question  which  was  once 
eh  discussed  among  astronomers.  Two  centuries  ago  the 
;ion  that  latitudes  vary  during  the  year  was  a  common  one, 
t  the  progress  of  astronomy,  and  the  complete  reduction  of 
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observations  with  bettar  tables  of  refraction,  have  oaosed  l 
disappearance  of  nearly  all  the  anomalies  that  formerlj  i 
peared,  and  the  general  opinion  has  tended  toward  the  ic 
that  latitudes  have  no  sensible  variations.  Stilly  this  is  a  res 
that  d  priori  would  not  perhaps  seem  probable.  Thus 
might  have  geological  changes  tnat  would  alter  the  positioo 
the  vertical  line  at  a  station  ;  or  again,  such  as  would  cam 
gradual  or  secular  change  in  the  position  of  the  earth's  azia 
rotation,  by  shifting  large  masses  of  matter  on  the  earth's  « 
face  or  in  its  interior,  and  these  changes  might  produce  var 
tions  of  latitude.  In  fact  it  is  for  the  purpose  of  testing  la 
changes  that  Mr.  Fergola  has  chosen  stations  which  havi 
large  difference  of  longitude.  The  table  of  latitudes  publiib 
some  years  ago  by  this  astronomer  does  seem  to  show  a  seeol 
change  in  the  latitudes  of  northern  observatories.  This  tabk 
as  follows : 

Place.  Date.  LatitadA. 

Washington 1845         +  88**  bZ'  89^-26 

Washington 1 863  88  '78 

Paris 1825  48°  60'  18^*0 

Paris 1853  11-2 

Milan 1811  45°  27'  60^-7 

Milan.. 1871  59-19 

Rome 1810  41*  53'  54^-26 

Rome 1866  54*09 

Naples 1820  40°  51'  46'-63 

Naples 1871  45-41 

Konigsberg 1820  54°  42'  50'-71 

Kdnigsberg 1 843  50  -56 

Greenwich 1838         +  51°  28'  38^-43 

Greenwich 1846  88-17 

Greenwich 1866  37-92 

It  will  be  seen  here  that  without  a  single  exception  the  It 
tudes  given  in  the  table  have  diminished  during  the  preM 
century.  But  these  variations  are  small,  and  during  th< 
intervals  of  time  so  many  changes  have  occurred  in  the  inst 
ments  and  among  the  astronomers  that  the  diminution  of  li 
tude  may  be  onl^  apparent.  The  most  complete  investigati 
of  this  question  is  that  by  Mr.  Nyren  of  the  Pulkowa  Obse 
atory.  In  this  case  the  observations  have  all  been  made  w 
the  same  instrument,  and  the  observations  are  of  remarks 
accuracy.  The  probable  error  of  a  single  determination 
latitude  is  only  db  0''-2.  The  results  for  the  latitude  of  I 
kowa  are: 
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terrer.  Date.  Latitads. 

stera 1843         +  69**  46'  18"-73  db  0'-013 

rlden 1866  18  -66  ±  0  014 

fr^n 1872  18 -60  ±  0 -014 

i  again  we  notice  a  small  diminution  of  latitude.  In 
etermination  also  the  observations  are  so  numerous  that 
Aj  the  accidental  errors  of  the  observer  have  been  almost 
Jtely  eliminated.  Thus  the  number  of  Peters^s  determin- 
is  871,  Gylden's  236,  and  Njr&n*s  155 ;  all  from  observa- 
>f  the  pole  star.  It  may  seem  hypercritical  to  doubt 
that  have  been  deduced  with  so  much  care  and  skill, 
1  observing  and  reducing;  but  still  we  must  remember 
lese  are  absolute  determinations  of  latitude,  that  three 
Qt  observers  took  part  in  the  work,  and  that  the  varia- 
"om  Peters  to  Nyren  is  only  0''"28.  An  astronomer  of 
snce  would  be  cautious,  I  think,  in  ascribing  this  differ- 
)  an  actual  change  of  latitude.  But  the  eviaence  in  this 
ipports  that  drawn  from  Mr.  Fergol&'s  table.  It  is  well, 
>re,  to  examine  how  far  more  recent  determinations  con- 
le  results  of  this  table.  A  recent  and  very  complete  dis- 
1  of  the  latitude  of  the  Greenwich  Observatory  by  Mr. 
e,  the  present  Astronomer  Boyal  of  England,  gives 
be  observations  of  the  years  1886  to  1879  the  following 
of  the  latitude : 

1836—1849  Latitude  =  61*  28'  38'-16 
1851—1865  Latitude  38  '13 

1866—1879  Latitude  38  -17 

se  results  give  no  evidence  of  a  secular  change  of  lati- 
Again,  a  determination  of  the  latitude  of  Washington, 
8,  gives 

Latitude  =  38^  53'  38"-943 

is  result  also  furnishes  no  proof  of  a  change  of  latitude, 
negative  results  show  that  in  the  case  of  the  latitude  of 
«ra  we  must  wait  for  further  proof  before  assuming  a  real 
•  change  in  the  latitude  of  that  Observatory, 
ar  as  periodical  changes  of  latitude  are  concerned,  there 
3oretical  reason  why  such  changes  might  occur.  If  our 
it  the  origin  of  things  received  its  motion  around  the  sun 

motion  of  rotation  on  an  axis  from  a  single  impulse,  the 
Dn  of  the  impulse  would  pass  about  twenty  miles  from 
•th's  center,  and  it  would  seem  to  be  but  little  probable 
le  earth  would  begin  to  rotate  around  one  of  its  principal 

But  the  observed  constancy  of  latitudes  shows  that 
ras  very  nearly  the  case,  or  that  some  cause  has  acted  to 
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bring  the  instantaneoas  axis  of  rotation  practically  into  ooind- 
dence  with  the  principal  axis.  These  periodical  chan^ 
depend  on  the  structure  of  the  earth,  and  the  distribution  of  iti 
matter.  They  are,  therefore,  quite  different  from  precesaioi 
and  nutation,  which  are  produced  by  exterior  disturbing  foroo^ 
chiefly  by  the  action  of  the  sun  and  moon.  The  theoiy  of 
these  periodic  motions  was  given  by  Euler  in  1765.  The 
period  of  the  change  of  latitude  depends  on  the  momenti 
of  inertia  of  the  earth,  and  the  values  of  these  moments  are 
given  approximately  from  the  observed  values  of  the  preceB- 
sion  and  nutation.  An  expression  of  the  periodical  change (rf 
latitude  is  found  easily  from  Euler's  equations  for  the  motion 
of  a  rigid  body.  This  results  from  the  first  step  in  the  approxi- 
mate solution  of  these  equations,  but  it  is  sufficient  for  all 
the  purposes  of  observations.  If  A,  B,  C,  are  the  moments 
of  inertia  about  the  principal  axes,  and  ip  denotes  the  latitude^ 
the  general  expression  for  the  latitude  is 


9'=^o  +  P-  cosj  y  ^ -^ ' n.t-\-S^, 

in  which  ip^+  p  cos  $  is  the  latitude  at  the  epoch  of  /^  n  is  the 
velocity  of  rotation  of  the  earth  on  its  axis,  and  p  and  f  are 
constants  to  be  found  from  observations.  The  expression 
under  the  radical  sign  must  be  positive,  since  otherwise  the 
motion  of  rotation  of  the  earth  would  not  be  stable.  If  we 
substitute  the  values  of  the  moments  of  inertia,  the  expression 
takes  the  following  form  in  which  the  unit  of  time  is  a  year: 

q)=q)^-\-p  .  cos  (431°-0  .  t-\-S). 

Hence  the  instantaneous  axis  of  rotation  makes  a  revelation 
around  the  principal  axis  in  805  days. 

We  have  now  to  see  what  the  observations  have  shown  in 
regard  to  this  periodical  variation  of  latitude.  The  first  careful 
investigation  of  this  question  was  made  by  C.  A.  F.  Peters,  of 
Pulkowa,  from  his  excellent  series  of  observations  with  the 
Ertel  vertical  circle.  These  observations  extend  over  thirteen 
months,  and  from  their  discussion  Peters  found  for  1842, 

p=0'-079±0'-017. 

A  similar  discussion  was  made  by  Nyr6n  of  the  three  series 
of  observations  made  bv  Peters,  Gylden  and  himself  with  the 
same  instrument,  and  the  results  are, 

p=0M01±0'-014,  Peters,  1842. 
p=0  -126^:0  -020,  Gylden,  1866. 
p=0  -068  ±0   016,  Nyr^n,  1872. 
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This  is  a  very  good  agreement  of  the  results,  and  it  is  worth 
rhile  to  notice  that  the  parallax  of  the  pole  star  comes  out 
positive  from  each  series,  and  that  th6  resulting  value  of  the 
constant  of  aberration  agrees  well  with  the  best  determi Da- 
ions.  An  investigation  made  by  Mr.  A.  M.  W.  Downing  of 
the  latitude  of  Greenwich  from  the  observations  for  the  ten 
years  1868-1877  gives 

p=:0'-075±0'-015. 

X  The  first  thing  we  notice  about  tbese  results  is  the  smallness 
of  p,  which  is  the  maximum  variation  of  the  latitude,  and  also 
ibe  fact  that  in  every  case  it  is  from  four  to  eight  times 
IS  great  as  its  probable  error.  From  this  relation  of  the 
probable  error  one  might  infer  the  reality  of  />,  but  we  ought 
tocoDsider  the  form  of  the  equation  of  condition.  This  will 
contain  the  two  unknown  quantities,  x  =/>  cos  $,  and  y  =p  sin  f . 
The  solution  will  give  us 

P  COB  ^=  zh  ^ 
p  sin  S=  ±  n, 

and  from  the  nature  of  the  case  p  will  always  be  a  real,  positive 
quantity.  The  small  values  of  p  show  that  the  variations  of 
latitude  are  also  small,  and  it  is  from  the  values  of  $  that  we 
must  judge  whether  the  results  are  harmonious  and  really 
probable.  Beducing  the  values  of  f  to  a  common  epoch,  the 
agreement  is  not  good.  We  infer,  therefore,  that  these  investi- 
gations do  not  indicate  with  any  certainty  a  variation  of  lati- 
tude having  the  period  of  305  days. 

From  what  precedes  it  appears  that  observations  do  not 
prove  that  latitudes  are  variable,  and  the  evidence  points  rather 
to  other  sources  of  small  changes  that  may  depend  on  the 
seasons.  Perhaps  some  of  these  may  arise  from  the  tables  of 
refraction  which  are  in  common  use,  and  which  are  assumed  to 
fit  the  whole  earth.  It  is  possible  that  for  the  best  absolute 
determinations  of  zenith  distances  the  question  of  refraction 
will  need  to  be  investigated  for  each  Observatory.*  The 
method  of  observation  proposed  by  Mr.  Fergola  seems  to  have 
a  great  advantage  over  those  that  have  been  followed  heretofore 
from  the  fact  that  it-is  difiFerential.  But  it  is  evident  that  even 
in  this  method  the  observations  must  be  made  with  the  utmost 
care,  and  with  due  consideration  of  all  the  surroundings,  in 
order  to  detect  the  variations  of  latitude  which  we  know  must 
be  very  small. 

*It  IB  not  uncommon  to  exaggerate  the  accuracy  with  which  latitudes  are 
bowTL  We  hare  only  to  refer  to  our  ephemerides  to  iSnd  much  larger  differ- 
*poe8  than  the  probable  errors  will  warrant.  Thus  the  latitudes  of  Greenwich 
pTen  in  the  Berliner  Jahrbuch  and  the  American  Ephemeris  differ  by  0'*3. 

^aval  Observatory,  1886,  January  21. 
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Art.  XXIX. — Notes  on  the  Jurassic  Strata  of  North  Ameri 

by  Charles  A.  White. 

At  varioas  places  in  Colorado,  Wyoming,  Dakota,  U 
Montana  and  other  western  Territories,  there  are  frequent 
large  exposures  of  a  formation  which  geologists  and  paleoo 
ogists  have  agreed  in  referring  to  the  Jurassic  period.  It 
received  recognition  as  of  that  age  in  all  the  official  rep 
which  have  noticed  it;  and  from  all  members  of  the  U.  &  ( 
logical  survey  who  have  written  upon  the  subject.  Profei 
Marcou,  Newberry  and  Hay  den  and  other  early  explorers 
ognized  the  formation  as  Jurassic,  but  it  is  to  the  late  Mi 
B.  Meek  that  is  due  the  credit  of  giving  the  first  expositio 
its  claims  to  that  recognition,  based  upon  a  publication  o: 
invertebrate  fauna.  It  is  true  that  this  fauna,  even  as  iti 
present  known,  is  a  meager  one,  but  its  character,  toge 
with  the  position  of  the  formation  in  relation  to  those  wl 
underlie  and  overlie  it,  has  been  deemed  sufficient  warrant 
the  opinion  referred  to. 

The  formation  in  question  is  usually  spoken  of  simpl; 
Jurassic,  but  it  has  received  local  names  by  some  autbon, 
some  of  its  divisions  have  also  received  subordinate  HM 
Some  geologists  have  also  grouped  the  whole  formation  toga 
with  a  large  series  of  underlying  beds  which  have  been  g 
rally  considered  as  of  Triassic  age,  under  the  compound  n 
of  Jura- Trias.  Major  Powell  called  the  Jurassic  portion 
Flaming  Gorge  Group:  and  Professor  Marsh,  dividing 
Jurassic  beds  into  two  parts,  has  given  the  upper  part  the  i 
of  Atlantosaurus  beds,  and  the  lower  part  the  name  of  Saoi 
don,  or  Baptanodon  beds. 

It  is  in  the  lower  division  only,  so  far  as  I  am  aware, 
any  invertebrate  fossils  have  been  found  :  and  it  is  upon  1 
that  was  based  the  earliest  published  opinion  as  to  the  Jur 
age  of  the  formation.     But  from  both  ai  visions  there  has 
obtained  an  exceedingly  rich  and  remarkable  vertebrate  fa 
This  fauna  has  been  brought  out  mainly  by  Professor  Mi 
who  has  published  the  results  of  his  investigations  in  this  J 
nal  from  time  to  time  during  the  past  eight  years.     It  is  mf 
reptilian,  but  it  also  embraces  many  mammalian  forms, 
fessor  Marsh   refers  all  this  remarkable  fauna  unhesitati 
to  the  Jurassic  period,  and  all  paleontologists  agree  with 
in  this  respect.     Let  it  be  remembered  that  a  part  of  this 
tebrate  fauna  is  associated  in  the  same  layers  with  the  inv 
brate  fauna  which  has  been  referred  to,  and  a  part  of  it  a 
from  layers  which  overlie  them. 
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The  discovery  of  this  great  vertebrate  fauna  seemed  to  set- 
the  qaestion  of  the  Jurassic  age  of  the  formation  in  the 
ads  ot  paleontologists  generally;  but  Mr.  J.  F.  Whiteaves, 
leontologist  to  the  Canadian  Geological  Survey,  has  latelv 
blished  in  one  of  the  volumes  of  that  survey,  views  which 
\  entirely  adverse  to  those  hitherto  held  by  all  others.*  In 
it  work  he  describes  and  figures  some  fossils  which  were  col- 
ted  by  Mr.  James  Richardson  and  Dr.  G.  M.  Dawson  at 
leen  Charlotte  Islands,  on  the  west  coast  of  British  Columbia. 
le  fossils  are  reported  to  have  come  from  a  series  of  strata  some 
,000  feet  in  thickness,  all  of  which  are  referred  to  the  Creta- 
ns period.  The  principal  fossiliferous  horizon  of  this  series 
about  its  middle,  and  it  bears  an  abundant  and  characteristic 
etaceous  moUuscan  fauna,  which  is  regarded  by  Mr.  Whiteaves 
equivalent  with  that  of  the  Gaul  tor  .Middle  Cretaceous. 
Among  this  Middle  Cretaceous  fauna  Mr.  Whiteaves  announ- 
3  his  identification  of  eight  or  nine  molluscan  species  with 
'ms  that  are  common  in  our  Jurassic  rocks,  to  which  refer- 
ee has  already  been  made.  He  therefore  regards  our  Juras- 
formation  not  only  as  of  Cretaceous  age,  but  he  places  it  in 
5  middle  of  that  seriea  With  sincere  regard  for  the  paleon- 
ogical  ability  of  Mr.  Whiteaves,  I  quite  fail  to  agree  with 
D  either  as  to  the  Cretaceous  age  of  those  strata,  or  with  his 
fntification  of  any  of  its  species  in  the  British  Columbian 
ka  He  has  stated  his  case  plainly  in  the  publication  refer- 
I  to ;  and  upon  the  occasion  of  a  late  visit  to  the  museum  of 
t  Canadian  Survey  at  Ottawa  he  kindly  permitted  me  to 
iminethe  British  Columbian  collections,  including  the  speci- 
Ds  which  he  regards  as  identical  with  species  found  in  our 
rassic  rocks.  The  following  is  a  list  of  the  species  to  which 
refers  them ;  following  which  are  my  remarks,  based  upon 
examination  of  his  specimens  and  a  considerable  familiarity 
h  the  type  specimens  of  those  species. 

1.  Belemnites  densus  Meek  &  Hayden. 

2.  Lyoaoma  Powelli  White. 

3.  Myacites  (Pleuromya)  subc'ornpressa  Meek. 

4.  Aatarte  Packardi  White. 

5.  Area  (  CucuUcea)  inornata  M.  &  H. 

6.  Modiola  (  Volsella)  subimbricata  M.  &  H. 

7.  Pteria  (  Oxytoma)  mucronata  M.  &  H. 

8.  Camptonectes  extenuatus  M.  &  H. 

9.  OrypJuBa  Nebraacenaia  M.  &  H. 

L)  Belemnites  densus,     Mr.  Whiteaves's  collection  contains 
ly  one  specimen  which  he  refers  to  this  species,  and  that  is 

See  Volume  i,  Part  ITT,  MoBozoic  Fossils.     Dawson  Brothers :  Montrea],  April, 

4. 
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too  imperfect  to  be  satisfactorily  identified  as  belonging  to  a: 
particular  species  out  of  many  that  might  be  mentioned  S 
his  figure  of  it  (loc.  cit.) 

(2.)  Lyosoma  Powelli.  Mr.  Whiteaves  was  in  doubt  as  to  l 
true  identity  of  this  form  with  his  Vanikoro  pulcheUa,  I  a 
confident  that  the  two  shells  are  not  only  specifically  differei 
but  that  they  belong  to  separate  families;  the  Vanikoro  to  tl 
NeritopsidaB,  and  the  Lyosoma  to  the  Velutinidse. 

(8.)  MyaciUs  {Pleuromya)  subcompressa.  The  British  Cohi 
bian  collection  contains  many  specimens  of  the  form  which  il 
Whiteaves  refers  to  this  species,  showing  a  wide  range  of  vari 
tion;  but  they  are  all  in  such  a  state  of  preservation  as 
show  only  the  external  form  and  surface  characters  of  ll 
shell.  They  also  belong  to  a  type  of  shells  which,  so  far 
can  be  determined  from  the  fossils  as  they  are  usually  fouD 
ranges  from  the  Carboniferous  to  the  Cretaceous  inclusiv 
Indeed  this  type  is  so  constant  in  general  character  that  i 
variation  in  any  part  of  its  great  chronological  range  is  scarce! 
greater  than  is  the  interspecific  variation  which  Mr.  Whiteav 
has  shown  to  exist  among  his  British  Columbian  specimen 
Therefore  I  regard  the  identification  of  a  species  belonging  i 
this  type  as  unreliable  if  opposed  by  contrary  evidence. 

(4.J  Astarte  Packardi.  The  British  Columbian  specimer 
whicli  Mr.  Whiteaves  refers  to  this  species  are  certainly  ver 
closely  like  the  type  specimens  of -4.  Packardi^  so  far  as  exte 
nal  form  and  surface  characters  are  concerned.  It  is  also  i 
these  respects  much  like  an  unpublished  form  which  I  hav 
seen  among  a  collection  of  Cretaceous  fossils  from  New  Mei 
ico.  The  hinge  and  interior  markings  of  this  form,  as  we 
as  that  of  A.  Packard^  are  unknown ;  and  they  cannot  then 
fore  be  compared  in  these  important  respects  with  the  Britis 
Columbian  specimens. 

(5.)  Area  {Cucullcea)  inornata,  Mr.  Whiteaves^s  specimen 
are  not  in  a  condition  to  show  the  hinge,  nor  are  their  externa 
characters  well  preserved.  He  refers  his  shell  to  the  genu 
Orammatodon,  but  I  could  discover  none  of  the  characters  b 
which  its  exact  generic  relations  may  be  known  among  th 
numerous  divisions  of  the  Arcidae. 

(6.)  Modiola  {Volsella)  subimbricata.  Only  three  specimen 
were  obtained  at  Queen  Charlotte  Islands,  and  these  are  dii 
torted  and  too  imperfect  for  satisfactory  specific  identification. 

(7.)  Plena  {Oxytoma)  mucronata,  Mr.  Whiteaves  had  on! 
one  imperfect  specimen  of  one  valve.  The  most  that  can  b 
said  of  it  is  that  it  apparently  indicates  a  form  which  is  muc 
like  the  P.  (0,)  rnucronata  of  Meek  &  Hayden. 

(8.)  Campionectes  exienualiis.  Mr.  Whiteaves  refers  his  spec 
men,  a  single  valve,  with  doubt  to  this  species.     In  view  of  th 
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)erfectioii  of  bis  material  and  the  slight  range  of  specific 
lation  in  this  genus  I  think  his  doubt  is  well  founded. 
9.)  Chryphoea  Nebrascensis,  Every  paleontologist  knows  how 
satisfactory  is  specific  identification  among  the  OstreidsB. 
en  if  the  resemblance  between  the  British  Columbian  and 
kota  specimens  is  really  as  great  as  Mr.  Whiteaves  thinks  it 
there  would  still  be  room  for  doubt  as  to  specific  identity, 
)ecially  in  view  of  conflicting  evidence.  In  fact,  however, 
jy  diflFer  from  each  other  quite  as  much  as  many  recognized 
5cies  do;  and  the  British  Columbian  form  is  more  nearly 
e  Oryphoea  navia  of  the  Cretaceous  of  Texas,  than  the  O. 
brascensis  of  Meek  &  Hayden. 

A  glance  at  the  foregoing  list  will  show  that  nearly  all  the 
Qcra  there  represented  are  noted  for  the  small  range  of  varia- 
n  which  is  ooservable  among  the  species  of  each.  In  fact 
iy  are  just  such  forms  as  those  upon  the  sf)ecific  identifica* 
n  of  which  one  ought  least  to  rely ;  especially  in  case  the 
^imens  are  not  numerous  and  perfect,  and  the  incidental 
idence  is  conflicting. 

There  is  another  important  fact  which  deserves  great  con- 
leration  in  this  connection.  The  British  Columbian  speci- 
ms  are  associated  with  numerous  characteristic  Cretaceous 
nD8,  the  latter  constituting  the  more  distinctive  feature  of 
at  fauna.  On  the  contrary,  not  one  of  those,  or  any  other 
stinctively  Cretaceous  types  has  ever  been  found  inour  Juras- 
3  strata  at  any  of  the  many  hundreds  of  localities,  extending 
rer  many  thousands  of  square  miles,  at  which  fossils  have 
jen  collected  from  it.  Ana  our  Jurassic  molluscan  fauna  is 
BO  very  constant  in  its  character  at  all  the  places  where  it 
18  been  found.  Furthermore,  Mr.  Whiteaves  does  not  claim 
I  have  discovered  any  of  our  Jurassic  Ammonitidaa,  nor  Ju- 
issic  vertebrates,  in  the  British  Columbian  rocks. 
Whatever  may  be  the  true  geological  age  of  the  formation 
hich  all  American  geologists  have  hitherto  referred  to  the 
Qrassic,  its  identity  with  any  of  the  strata  from  which  Mr. 
Whiteaves'  fossils  came  is,  in  my  opinion,  in  no  measure  proved 
y  any  of  the  species  he  has  shown  them  to  contain.  Still, 
ich  challenges  of  received  opinions  as  he  has  made  are  not 
nly  the  privilege  of  every  paleontologist,  but  they  serve  an 
Kcellent  purpose  in  causing  men  to  examine  more  closely  into 
legroond  of  their  opinions,  and  call  for  a  public  statement 
(their  reasons  for  holding  them. 

Although  I  do  not  regard  the  evidence  which  Mr.  Whiteaves 
as  presented  as  at  all  supporting  his  position,  there  are  two 
ircumstances  which  apparently  favor  the  doubt  which  the 
ublication  of  his  views  may  have  raised  as  to  the  true  age  of 
be  formation  which   we   have  always  regarded   as  Jurassic. 
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First,  the  invertebrate  fauna  of  that  formation  is  meago 
Second,  there  is,  as  I  believe,  always  an  apparent  conformit 
between  the  Dakota  Group  of  the  Cretaceous  series  and  th 
Jurassic  formation,  wherever  they  have  been  found  in  contad 
While  I  do  not  think  that  this  conformity  really  proves  thi 
there  is  no  hiatus  between  the  two  formations,  I  think  the  cii 
cumstance  of  its  existence  more  worthy  of  consideration  tha 
the  assumed  specific  identification  of  the  fossils  which  I  hav 
commented  on.  I  regard  these  circumstances  as  at  most  onl 
slightly  opposing  the  evidence  in  favor  of  the  Jurassic  age  ( 
the  strata  in  question  which  is  afforded  by  its  fossils,  especial! 
its  vertebrate  fauna. 

These  Jurassic  strata  are  evidently  not  homotaxially  relate 
to  the  other  North  American  strata  which  have  by  some  author 
been  referred  to  the  Jurassic.  I  refer  to  the  Aucella-bearinj 
rocks  and  their  equivalents,  which  have  been  found  in  Call 
fornia,  Washington  Territory,  British  Columbia,  Alaska,  an( 
the  east  coast  of  Greenland.  Mr.  Whiteaves  follows  Eichwali 
in  referring  these  strata  to  the  Neocomian  ;  and  I  have  sag 
gested  that  thev  occupy  a  position  upon  the  confines  of  thi 
Neocomian  and  Jurassic.  These  west  coast  and  arctic  bedi 
appear  to  have  no  true  equivalents  in  the  United  States  to  tb( 
eastward  of  the  Pacific  Coast  region. 
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N.  T.  LuPTON. 

While  on  a  visit  to  Mexico  in  July,  1879,  I  was  shown  % 
a  mass  of  iron,  said  to  be  a  meteorite,  near  the  house  of  a  gentle 
man  who  lived  in  the  vicinity  of  Santa  Rosa,  a  small  town  in 
the  State  of  Coahuila  about  120  miles  south  of  Eagle  Pass 
Texas.  According  to  information  received  at  the  time,  thii 
meteorite  was  found  in  the  desert  between  Santa  Rosa  and  th( 
city  of  Chihuahua,  about  one  hundred  miles  distant  fromthi 
former  place,  and  was  brought  to  Santa  Rosa  by  a  Mexicar 
named  Juan  Garca.  I  was  also  told  that  twelve  years  previoui 
to  my  visit  an  expedition  was  sent  out  to  bring  in  severs 
similar  masses  from  the  same  locality,  which  were  secured  am 
sent  to  the  United  States  by  Dr.  Butcher,  an  American  wh 
was  then  living  at  Candela.  The  mass  from  which  I  succeede 
in  detaching  about  half  a  pound  was  said  to  weigh  192  Ibs-jbn 
I  had  no  means  at  hand  to  verify  this  weight.  It  was  of  irrej 
ular  shape,  measuring  in  three  perpendicular  directions  18,  1 
8  inches.  A  small  piece  had  apparently  been  cut  from  oi 
end.     Owing  to   its  strong  resemblance  to  common  malleab 
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iroD,  and  to  the  fact  that  nitric  acid  failed  to  develop  the  so- 
oalled  Widmannst&ttian  figures  on  a  surface  carefully  polished, 
I  was  led  to  doubt  the  statement  of  its  origin.  Since  that  time, 
bowever,  my  attention  has  been  called  to  the  article  of  Dr. 
Lawrence  Smith  on  ^'  Coahuila  Meteorites  of  1868  "  in  this  Jour- 
nal, vol.  xlvii,  page  888,  and  in  his  **  Scientific  Besearches,*'  page 
816,  in  which  several  similar  masses  are  spoken  of  as  having 
been  brought  to  this  country  from  near  Santa  Bosa.  This  in- 
daoed  me  to  analyze  carefully  a  portion  of  the  piece  now  in  my 
possession  with  the  following  results. 

Iron 91-86  Cobalt 50 

Nickel 7*42  Phosphorus "27 

Dr.  Smith's  analysis  of  a  specimen  from  one  of  the  masses 
above  mentioned  yielded : 

Iron 92-96  Cobalt -48 

Nickel 6-62  Phosphorus. . .     -02 

Copper,  very  minute  quantity. 

The  similarity  of  composition  in  connection  with  other  circum- 
slvices  convinces  me  that  these  are,  in  all  probability,  fragments 
of  the  same  meteorite.  It  is  proper  to  state  that  after  careful 
ezamination  I  failed  to  find  the  least  trace  of  copper. 

According  to  the  account  which  Dr.  Smith  received  from  Dr. 
Batcher,  a  brilliant  meteor  passed  over  the  town  of  Santa  Rosa 
in  the  fall  of  1837  and  was  beard  to  explode  with  a  tremendous 
report  after  its  disappearance  among  the  mountains  toward  the 
northwest.  Search  was  made  for  it  the  next  day  by  Dr.  Long 
of  Santa  Rosa  with  a  party  of  friends,  but  without  succesa 
Some  years  later.  Dr.  Butcher  undertook  the  search,  an  interest- 
ing account  of  which  is  given  in  the  article  above  referred  to. 

Dr.  Smith  remarks  that  while  it  matters  little  whether  the 
time  specified  is  that  of  the  fall  of  these  masses,  nevertheless, 
''it  forms  one  of  the  most  interesting  groupings  of  meteoric 
irons  known  in  any  part  of  the  world,  especially  as  the  masses 
are  solid  and  compact,  and  not  fragile  and  half  stony,  as  the 
Atacama  iron,  that  may  have  been  broken  artificially  after  its 
&il,  and  the  fragments  scattered  by  Indians  and  explorers  in 
search  of  silver.  Each  one  of  these  masses  merits  a  separate 
ezamination j  which  I  hope  to  be  able  to  give  sooner  or  later  to 
attisfy  my  mind  on  one  or  two  points  connected  with  their  com- 
OHm  physical  and  chemical  composition." 

Br.  Smith's  description  is  applicable  to  the  specimen  in  my 
possession. 

Vanderbilt  UniTeraity,  NashTille,  T«dii. 
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Abt.  XXXL — Optical  Projection  of  Acoustic  Ourvei;  by 
W.  LbContb  Stbveks. 

The  following  application  of  a  well  known  principle  id 
be  of  sufiicieDt  interest  to  teachers  of  Physics  to  justify 
publication!  it  has  not  been  elsewhere  described,  so  far  as 
known  to  the  writer. 

By  appropriate  measurements  on  paper  the  sinusoids  rep 
senting  the  tones  composing  any  group  of  musical  sounds  c 
be  compounded,  and  the  resultant  curve  represents  the  o 
cord  or  discord  produced.  The  construction  of  such  cnr 
involves  much  tedious  work.  Any  of  them  may  be  eaa 
produced  and  optically  presented  on  a  screen  by  a  aim 
moilificntion  of  the  method  commonly  employed  in  projeoti 
Liasajous-'  curves. 


Oplicid  Pi-esentalion  of  a  Concord. 

Select  a  pair  of  tuning  forks  provided  with  mirrors  ai 
sounding  tones  whose  vibration  frequencies  bear  to  each  otb 
such  a  simple  ratio  as  2  : 1  or  3:2.  Let  us  suppose  the  ton 
selected  to  be  C  and  G,  with  sixty-four  and  ninety-six  vibr 
tiona  per  second  respectively.  Arrange  tlie  apparatus  as  fi 
Lissajous'  experiment,  except  that  both  forks  shall  vibrate  i 
vertical  planes.  At  any  convenient  distance  in  front  of  t[ 
fork  from  which  the  second  reflection  of  light  occurs,  place 
mirror  capable  of  revolution  about  a  vertical  axis,  such  aa 
used  with  the  nianomciric  flame.  From  this  the  spot  of  ligl 
is  focussed  upon  a  screen. 

Excite  the  6-fork ;  the  spot  is  lengthened  into  a  narro 
vertical  band,  faint  in  the  middle  and  brighter  at  the  ends,! 
approximately  shown  in  fig.  1,  AB.  Turn  the  mirroi 
the  band  is  broadened  out  into  a  series  of  sinusoids,  thn 
of  which  are  represented  by  the  short-dotted  curve  in  fig. 
Arrest  this  fork  and  excite  the  C-fork;  a  longer  verlic 
band,  CD,  is  produced ;  and,  on  revolving  the  mirror,  tb 
is  spread  into  sinusoids,  two  of  which  are  represented  by  tl 
loDg-dotted  curve.     Excite  both  forks  while  the  mirror  is 
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St;  a  vertical  band  is  seen,  longer  than  either  of  the  previous 
les,  with  spots  of  increased  brightness  not  only  at  the  ends 
It  also  at  intermediate  points,  the  beam  of  light  being  mo- 
entarilj  arrested  at  several  intervals  in  each  compound 
bration  (fig.  1,  EF).  On  revolving  the  mirror,  a  series  of 
mpound  curves  appears  on  the  screen,  one  of  which  is  repre- 
ated  by  the  continuous  curve  in  fig.  1.  In  this  the  two  forks 
9  supposed  to  begin  exactly  together.  If  there  be  any 
ber  combination  of  phases  than  this,  the  result  is  a  corre- 
ending  modification  in  the  form  of  the  curve.  Practically, 
loading  either  fork  very  slightly,  the  curve  may  be  changed 
rongh  i3l  its  modifications  within  a  few  seconds. 


Optical  Presentation  of  a  Discord, 

Sdect  a  pair  of  unisonant. forks,  and  arrange  as  already 
ewibed.  Load  one  of  them  until  any  desired  number  of 
eiti  per  second  is  produced.  Excite  both  forks  while  the 
linor  is  at  rest.  The  vertical  band  of  light  grows  alternately 
)Dg  and  short,  with  the  swelling  and  softening  of  the  sound, 
tevolve  the  mirror  rather  slowly  but  uniformly  ;  the  sinuous 
urve  broadens  vertically  at  every  beat  ana  is  narrowed 
t  every  approximate  silence  (fig.  2).  By  using  forks  of  mod- 
'ately  high  pitch  and  obtaining  six  or  eiglit  beats  per  second, 
iscord  may  be  seen  and  heard  at  the  same  time. 
This  method  of  exhibiting  the  composition  of  musical  sounds 
in  some  respects  preferable  to  the  method  of  manometric 
imes,  being  visible  at  a  greater  distance,  and  showing  more 
adily  the  effect  of  difference  of  initial  phase  in  determining 
e  quality  of  a  combination,  as  emphasized  by  Konig.* 
The  optical  projection  of  simple  vibratory  motion  is  quite 
miliar.  Tynaall,t  Blaserna:|:  and  others,  have  described  a 
eihod  of  projecting  the  curves  representing  beats;  but  their 
ethod  is  tnat  of  giving  rapid  motion  to  the  tuning  fork  from 
hich  the  second  reflection  of  light  occurs.  With  so  small  a 
lirror,  fixed  upon  a  heavy  fork,  great  skill  is  needed  to  ensure 
access,  and  at  best  the  exhibition  is  only  momentary ;  or,  if 
ontinuous,  it  is  by  giving  angular  motion  in  successively 
)pposite  directions,  and  hence  with  variable  velocity,  around  a 
point  on  the  mirror.     Thus  no  two  successive  sinusoids  can 

*  Konig,  Acoustique,  pp.  222-243,  Paris,  1882. 

♦  Tyndall,  Sound,  pp.  366-369,  Appleton,  1877. 
;61a8ema,  Sound  and  Music,  pp.  150-162,  Appleton,  1876. 
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have  the  same  length.  By  keeping  both  forks  fixed,  an 
izing  the  revolving  mirror,  which  may  be  regulated  by 
work  if  necessary,  any  desired  constant  rate  of  borizont 
tion  on  the  screen  is  secared.  Either  or  both  forks  o 
made  to  vibrate  with  constant  amplitude  by  means  of 
known  electro-magnetic  attachment. 

Brooklyii,  Jan.  31,  1886. 


Ik 


Art.  XXXII. — Measurement  of  Strong  Electrical  Current 

John  Trowbridge. 

In  1871  I  described  in  this  Journal  a  new  form  of 
nometer  which  I  called  the  Cosine  galvanometer.  Six  or 
years  after  the  appearance  of  my  paper,  with  a  large  wo 
of  my  instrument,  the  same  instrument  was  re-invented  ii 
land  by  Mr.  Obach,  and  the  instrument  now  goes  by  the 
of  the  Obach  galvanometer  in  England,  and  is  manub 
by  the  Messrs.  Siemens,  for  the  measurement  of  strong  ele 
currents. 

In  the  prosecution  of  an  investigation  upon  dynamo  e 
machines  I  abandoned  the  cosine  galvanometer  in  favo 
dynamometer  which  I  invented,  and  a  full  description  of 
will  be  found  in  the  proceedings  of  the  American  Ac 
of  Arts  and  Sciences,  and  also  in  the  London  Philoso 
Magazine.  It  seemed  to  me  then,  and  I  have  had  no  rea 
change  my  belief,  that  a  dynamometer  is  the  most  si 
instrument  for  measuring  strong  currents.  I  have  lately 
ever,  employed  the  cosine  galvanometer  for  this  purpose 
following  manner:  The  galvanometer  is  mounted  so  tl 
compass  is  at  the  center  of  a  large  circle  of  wire,  the 
of  which  is  vertical  and  is  in  the  magnetic  meridian  or 
plane  of  the  needle  of  the  compass,  whatever  that  is. 
the  current  from  a  dynamo  machine  is  passed  through  th< 
vertical  coil,  which  may  consist  of  a  single  wire,  the  ar 
ment  answers  as  a  tangent  galvanometer.  I  then  connc 
movable  coil  of  the  cosine  galvanometer  with  a  Danic 
of  known  electro- motive  force,  place  in  the  same  cir 
resistance  so  large  that  the  battery  resistance  can  be  neg 
and  having  joined  the  poles  in  such  a  manner  that  the 
tion  produced  by  the  coil  of  the  cosine  galvanometer  si 
opposite  to  that  produced  by  the  current  from  the  d 
machine  in  the  large  outer  coil,  I  incline  the  coil  of  the 
galvanometer  until  the  compass  needle  is  brought  again  t 

We  then  have,  if  we  represent  by  F  and  r'  the  fore 
duced  at  the  center  of  the  coils  by  the  current  from  the  d 
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cbine  and  by  the  Daniell  cell,  S  and  S^  the  respective 
Tents ;  r  and  /,  the  radii ;  n  and  n\  the  number  of  coils  in 
)  two  galvanometers,  and  H  the  horizontal  force  of  magnetism : 

^     2;rnSH      ^,      2;rn'S'H  ^      S'n'r 

F= =:  P'  = COS  a  or  S  = >  cos  a 

r  T^  n  r 

The  strength  of  the  current  from  the  dynamo  is  thus  simply 
)tained  in  terms  of  the  current  from  the  standard  Daniell  cell, 
id  the  method  is  independent  of  the  strength  of  the  earth's 
lagnetism,  or  of  the  special  field  in  which  the  instruments 
lay  be  placed.  The  diameter  of  the  outer  coil  can  be  dimin- 
ibed  by  employing  Professor  Brackett's  method  of  passing  the 
(urent  through  one  coil  in  one  direction  and  through  an  inside 
oil  in  another.  In  an  experimental  trial  I  employed  simply  a 
saffolding  of  wood,  upon  which  a  single  turn  of  wire  was  fixed 
B  a  vertical  circle. 

JefiBraon  Physical  Laboratory. 


lBT.  XXXIII. — Divisibility  of  the  Archcean  in  t/ie  Northwest; 

by  R.  D.  Irving. 

Extract  from  Address  as  retiring  President  of  the  Wisconsin  Academy  of  Sciences 

December  30th,  1884.] 

I  WILL  next  ask  you  to  follow  me  in  a  rapid  description  of 
le  occurrences  to  be  met  with  in  the  Penokee-Qogebic  iron 
^on  of  Lake  Superior.*  This  is  a  belt  of  country  some 
ixiy  miles  in  length,  stretching  from  Lake  Numakagon  in 
orth  Wisconsin  to  Lake  Gogebic  in  north  Michigan.  The 
ourse  of  the  belt  is  in  general  north  of  east  Its  position  and 
3086  of  the  various  rock  belts  of  the  region  are  indicated  on 
le  accompanying  sketch-map  (p.  240).t 

*The  facts  upon  which  the  arguments  and  conclusions  of  this  paper  are  based 
■«  in  part  given  in  vol.  iii  of  the  Geology  of  Wisconsin,  which  includes  an 
XJOunt  of  the  work  done  in  the  Penokee  District  of  Wisconsin  by  Professor 
luiDiberlin,  Mr.  C.  fi.  Wright  and  myself.  Since  that  time  further  investigations 
'  this  region  have  been  begun  in  connection  with  the  U.  S.  Geological  Survey  by 
Janiptant,  Professor  C.  R.  Van  Ilise,  who  has  extended  the  work  of  the  Wis- 
Httin  Survey  into  Michigan  as  far  as  Lake  Gogebic.  In  working  over  his  results 
0  have  taken  occasion  to  revise  in  some  measure  the  Wisconsin  Survey  work. 
^  collections  of  that  survey  being  at  our  command.  After  having  re-examined 
(>DWof  the  more  important  and  difficult  points  in  the  field  during  the  coming 
*8CMi,  it  is  our  hope  to  prepare  together  a  general  account  of  this  very  interesting 
^S^  By  special  permission  of  the  Director  of  the  U.  S.  Geologio&l  Survey,  I 
^  able  to  make  use  of  knowledge  gained  in  our  work  in  this  region  for  the 
•fwent  paper. 

fThe  map  which  was  used  in  connection  with  the  address,  and  from  which  this 
"•duced,  was  drawn  on  a  scale  of  two  inches  to  the  mile.  In  reducing  so  very 
!^tly  it  is  difficult  to  illustrate  all  of  the  points  spoken  of.  Tlie  map  is  designed 
^^y  to  represent  the  distribution  of  the  formations  in  a  general  way. 
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Id  the  soothem  part  of  the  area  mapped,  we  find  ourselvv 
in  the  northern  most  portion  of  a  great  area  of  gneiss  and  mtnita 
associated  with  which  in  large  proportion  are  highly  foliates 
and  crystalline  hornblendic  and  chloritic  schists,  with  sodm 
mica-schists.  In  some  of  these  schists  distinct  evidences  an 
here  and  there  met  with  of  their  fragmental  origin.  The« 
schists  and  gneisses  are  arranged  more  or  less  distinctly  in  bdi 
form,  but  the  granite  with  them  occurs  in  great  irreKQlarareafl 
which  at  their  janction  with  the  more  regularly  bedded  rock 
are  inextricably  interwoven  with  them.  Greenstones  of  variooi 
kinds  also  occur  in  intrusive  form.  The  whole  series  is  highlj 
crumpled,  and,  if  the  schists  and  gneiss  are  in  any  measure  thi 
result  of  the  metamorphism  of.  sediments,  as  they  certainl] 
appear  in  part  to  be — witness  the  occurrence  in  the  schists  ol 
unquestionable  fragmental  material — then  the  metamorphosiiM 
process  has  been  carried  very  far.  The  northern  edge  of  tin 
gneissic  and  schistose  formation  is  not  formed  of  any  one  of  th 
rocks  which  go  to  make  it  up,  but  is  seen  to  be  made  hereoi 
granite,  there  of  gneiss,  again  of  schist,  and  again  of  some  form 
of  basic  eruptive,  the  foliation  planes  of  the  eneiss  and  schifli 
commonly  making  a  greater  or  less  angle  with  the  bounding  Una 

Passing  now  beyond  this  northern  limit  of  the  gneiss-graoit^ 
schist  area — which  stretches  all  the  way  southward  to  CeDtnl 
Wisconsin — we  find  ourselves  on  a  belt  of  slate  which  averagoi 
some  500  feet  in  width.  This  belt  may  be  traced  continaondj 
from  the  vicinity  of  Lake  Gogebic  lo  that  of  Lake  Numakagoa 
in  Wisconsin.  It  includes  many  varieties,  which  range  from 
vitreous  quartzite  to  quite  fine-grained  clay- slate  ;  but  all  an 
plainly  fragmental,  and  do  not  present  evidences  of  any  consid- 
erable alteration.  The  quartzites  are  always  merely  indurated 
sandstones,  and  often  the  induration  is  feeble,  and  the  rock 
little  more  than  a  friable  sandstone.  Except  when  we  reach 
the  immediate  vicinity  of  Lake  Gogebic,  where  a  change  ia 
structure  comes  about  which  we  cannot  now  discuss,  the  layen 
of  this  sandstone  belt  dip  always  to  the  northward,  usuallj 
at  rather  high  angles.  Following  this  belt  on  the  north,  wi 
find  a  regular  succession  of  belts  of  quartzite,  graywackej 
black  slate,  iron-bearing  cherty  rocks  oi  various  kinds,  and 
mica-schist  or  mica-bearing  quartzite ;  all  of  which  rocb 
continue  to  dip  to  the  north.  Certain  interbedded  and  inter 
secting  masses,  plainly  of  eruptive  origin,  occur,  but,  with  ih 
exception  of  these,  and  of  certain  belts  believed  to  be  in  par 
of  direct  chemical  origin,  the  whole  succession  is  made  up  a 
layers  which  contain  but  little  original  crystalline  material  an( 
to  which  the  term  "  metamorphic,'*  in  the  sense  of  more  or  lea 
thorough  recrystallization  from  the  sedimentary  condition,  i 
hardly  applicable. 


R.  D.  Irmnff — DivisihUity  of  the  Archascm,         239 

Next  north  again  of  this  succession  of  layers,  we  find,  foUow- 
g  them,  in  what  appears  at  first  sight  to  be  a  conformable 
inner,  the  alternating  sandstones  and  eruptives  of  the  Ke- 
wnaw  series.  A  closer  inspection,  however,  shows  that  this 
qparent  conformity  is  apparent  only,  consisting  merely  in  an 

Srozimate  general  parallelism  of  the  layers,  which  does  not 
icate  that  the  one  set  of  rocks  has  been  succeeded  by  the 
^ler  without  interval  of  time;  for,  as  we  follow  the  junction 
jie  of  the  two  terranes  eastward  or  westward,  we  find  the  over- 
'^  ig  formation  in  contact,  now  with  the  highest  layers  of  the 
IT  one,  a^in  with  its  middle  layers,  and  again  with  mem- 
near  its  oase.  Evidently  such  a  relation  can  find  only  one 
anation ;  the  lower  formation  has  been  raised  above  the  sea 
sabject^  to  a  long  continued  erosion  before  the  deposition 
it  of  the  higher  one.  The  accompanying  diagram  will 
;e  this  relation  and  explanation  so  obvious  that  further 
ption  will  be  unnecessary. 
(The  same  diagram  will  also  certainly  suggest  at  a  glance 
this  upper  unconformity  is  not  the  only  one  in  the  region. 
▼ery  striking  manner  in  which  the  southern  limit  of  the 
galarly  arranged  succession  of  belts  of  the  slatv  formation  is 
med,  to  the  southward,  now  by  granite,  again  hy  gneiss,  and 
pin  by  some  sort  of  schistose  rock,  certainly  suggests  a 
oat  break  at  this  horizon.  If  the  gneisses,  granites,  etc.,  to 
e  south  of  this  limit,  after  being  smoothed  down  by  atmos- 
leric  agencies  had  then  formed  the  sea-bottom  upon  which 
m  slaty  series  was  piled  up  by  the  ordinary  processes  of  sedi- 
entation,  the  relations  would  be  precisely  such  as  we  have  here. 
To  the  argument,  which  has  been  and  doubtless  again  will 
I  presented  as  bearing  against  this  conclusion — that  the  more 
ntherly  rocks  are,  or  may  be,  of  eruptive  origin,  and  there- 
le  are  naturally  irregular  in  distribution,  so  that  those  to  the 
orth  necessarily  come  in  contact  with  different  kinds  in 
ifferent  places — I  would  say  that,  accepting  for  the  moment, 
•d  for  the  sake  of  the  argument,  the  eruptive  origin  for  them, 
( is  to  be  observed  that  these  same  soutnerly  rocks  certainly 
•ve  not  been  extravasated  subsequently  to  the  deposition  of 
it  succession  of  slaty  beds.  Had  they  been  so,  it  is  inconceiv- 
bfe  that  a  series  oi  eruptions  different  as  to  materials  and 
bes  of  extravasation  should  all  have  stopped  so  nearly  on 
ki  geological  horizon.  Some  of  them  would,  on  the  contrary, 
idte  surely  have  deeply  invaded  the  slates.  But  of  such  an 
iiuion  no  sign  whatever  is  to  be  seen,  either  in  the  general 
igraphical  arrangement  of  the  different  kinds  of  rock,  or  of 
I  atructural  details  observed  at  the  contacts.  Moreover — 
I  this  argument,  it  seems  to  me,  there  is  no  evading — the 
es   contain   abundant  fragments    derived  from  the   more 
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Llherly  granites,  gneisses  and  schists,  so  that,  if  eruptive, 
9ie  douthem  rocks  were  extravasated  prior  to  the  deposition 
the  oldest  members  of  the  slaty  series,  and  thus  formed  the 
■ement  upon  which  the  latter  was  accumulated.  But — the 
posing  argument  would  be — granting  all  this,  there  is  yet 
» proof  advanced  of  a  great  break,  inasmuch  as,  even  at  the 
esent  time,  eruptives  of  modern  origin  are  having  geologically 
ntemporaneous  sediments  piled  against  them.  The  mere 
iperposition  of  sediment  upon  an  eruptive  is  no  proof  of  a 
lological  hiatus  between  the  two.  In  answer  to  this  argu- 
lent  it  is  to  be  said  that  the  case  we  are  considering  finds  no 
Utile!  among  such  modern  occurrences.  The  gneisses,  schists, 
unites,  etc.,  forming  our  supposed  eruptives,  are,  if  eruptive, 
itnifestly  not  to  be  compared  with  the  lavas  of  modern  times. 
In  the  contrary,  their  completely  crystalline  character  and 
peral  structure  would  force  us  to  believe  that  they  solidified 
kr  within  the  depths  of  the  earth,  and  that,  therefore,  before 
kejr  formed  the  bottom  of  the  sea  within  which  the  slaty  beds 
ere  accumulated,  the^  must  have  been  subjected  to  an  enor- 
ons  atmospheric  erosion ;  and  that,  consequently,  we  do  have 
Jdence  here  of  the  existence  of  a  genuine  geological  break, 
en  on  the  view  that  the  more  southerly  rocks  are  all  eruptives. 
It  an  eruptive  origin  for  all  of  these  rocks,  thus  admitted 
*  the  moment,  and  for  the  sake  of  the  argument,  I  can  by  no 
nms  accept  The  granites  I  do  consider  as  ot  eruptive 
igin.  That  they  are  so  is  rendered  manifest,  as  it  seems  to 
s,  by  the  way  in  which  they  intersect  the  associated  schists  at 
eir  contacts  with  them.  Such  intersections,  as  already  noted, 
e  never  found  at  the  contacts  of  the  southern  granite  with 
e  overlying  slates.  It  remains  to  be  proved,  however,  that 
17  of  the  ffneisses  and  schists  we  are  here  dealing  with  are  of 
uptive  origin.  Some  of  the  schists  most  manifestly  are  not 
»;  for,  while  mainly  made  up  of  original  crystalline  material, 
ley  yet  contain  at  times  matter  quite  evidently  of  fragmental 
rigin,  as  may  be  seen  both  microscopically  and  on  the  larger 
aJa  Now,  if  these  gneisses  and  schists  art  of  sedimentary 
rigin,  then  they  certainly  passed  through  processes  of  disloca- 
ioD,  alteration  and  erosion  before  the  deposition  upon  them  of 
he  earliest  member  of  the  overlying  series. 
So  far,  however,  I  have  considered  only  the  general  relations 
f  the  two  sets  of  rocks.  Other  arguments,  in  favor  of  the 
r^tence  here  of  a  great  unconformity,  can  be  drawn  from 
rtain  minor,  yet  very  important  phenomena  to  be  observed  at 
)  contacts  of  the  two  formations.  In  the  first  place,  at 
retwX  of  the  points  where  actual  contacts,  or  close  approxi- 
tioiis  of  exposures  of  the  two  formations  are  to  be  observed, 
tre  is  a  marked  discordance  in  strike  and  dip  between  the 
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lamination  directions  of  the  older  schists  and  newer  s 
while  at  others  of  these  points  these  directions  are  more  n 
in  parallelism.  In  the  newer  or  slaty  series,  the  lamim 
being  manifestly  the  result  of  sedimentary  deposition,  cooi 
always  to  the  general  courses  of  the  slaty  belts,  and,  since  i 
courses  vary  considerably,  as  indicated  on  the  accompan 
chart,  the  lamination  directions  vary  also.  Such  a  relatio 
lamination  planes  as  this — discordance  at  some  points,  ac( 
ance  at  others — is  precisely  what  should  be  expected  alon 
unconformable  contact  line,  and  could  occur  under  no  c 
circumstances;  the  underlying  rocks  being,  in  part  at  I 
certainly  of  sedimentary  origin.  It  is  no  argument  agi 
this  view,  to  maintain  that  the  lamination  of  the  older  se 
rocks  is  in  this  case  what  is  known  to  geologists  as  foliai 
and  not  the  result  of  sedimentation.  I  have  little  doabt 
it  is  often  foliation,  i.  e.  a  structure  in  some  way  doe  to 
intense  squeezing  which  these  older  schists  have  underg 
and  one  which  very  possibly  often  occupies  a  position  g 
oblique  to  the  original  bedding  directions.  Manifestly,  I 
ever,  this  foliation  must  have  been  produced  before  the  de| 
tion  of  the  first  of  the  overlying  slaty  rocks,  for  otherwise 
latter  must  have  been  affected  also  by  a  foliation  simila 
character  and  direction.  But  there  is  no  true  foliation  a1 
them,  and  what  there  is  occasionally  approaching  it  is  ah 
manifestly  parallel  to  the  bedding  planes,  and  thus  conim( 
discordant  with  that  of  the  schists  below.  The  occurrenci 
foliation  on  one  side  of  a  contact  line,  and  its  absence  on 
other,  where  this  contact  is  one  between  twO  great  and  dia 
ilar  sets  of  rocks,  is  in  itself  strongly  suggestive  of  the  63 
ence  here  of  a  great  unconformity.  Moreover,  two  pointj 
least,  have  been  observed  on  this  contact  line,  where  this 
cordance  in  the  directions  of  the  lamination  of  the  older 
newer  rocks  is  to  be  made  out,  not  merely  from  closely  appi 
imated  exposures  of  the  two  formations  but  from  actual  vis 
contacts.  Descriptions  of  both  of  these  localities  have  aire 
been  published.*  The  contacts  are  certainly  not  those 
eruptives  with  previously  formed  sediments;  on  the  contr; 
they  are  exactly  what  they  should  be,  had  the  lower  scl 
formed  an  irregular  bottom  upon  which  the  newer  slates^ 
deposited. 

Still  another  thing  going  to  show  the  complete  distinct 
between  the  two  sets  of  rocks  we  are  considering  is  the  pL 
ful  occurrence,  in  certain  layers  of  the  higher  series,  ot  I 
ments  derived  from  the  lower  one.  These  fragments  occc 
times  a  third  of  the  way   up  in  the  newer  seriea     The] 

*  Geol.  of  Wis.,  vol.  iii,  pp.  98,  116,  117.     Also  Annual  Report  of  Qeol.  S 
of  Wisconsin  for  1877,  p.  26. 
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also  to  be  seen,  however,  at  its  base,  on  the  contact  line. 
There  are  places,  as  has  recently  been  ascertained  by  Professor 
CL  R  Van  Hise,  of  the  U.  S.  Geological  Survey,  where  one 
^joay  pass  within  a  few  steps  from  ledges  of  gneiss  of  the  older 
^ionnation  to  others  of  the  lowest  member  of  the  newer,  the  slate 
jleing  crowded  with  fragments  derived  from  the  gneiss.  Even 
^Ihe  matrix  portion  of  the  rock  is  composed  of  ^neissic  detritus, 
while  a  few  paces  farther  away  from  the  gneiss  it  has  graded 
into  an  ordinary  quartzite,  i.  e.  is  merely  an  indurated  sand- 
•tone.  As  is,  of  course,  well  known  to  every  geologist,  the 
mere  occurrence  of  fragments  of  a  lower  rock  witnin  the  mass 
of  a  higher  one  does  not  always  prove  a  great  time  gap  between 
ihe  two  rocks,  but  merely  the  relative  ages  of  the  two;  for  any 
rock  which  reaches  the  solidified  sthte  rapidly  may  yield  of  its 
material  to  overlying  sediments  as  soon  as  beaten  upon  by  the 
waves  of  the  sea.  Thus  lavas,  and  certain  forms  of  chemical 
deposits,  have  furnished  fragments  often  to  geologically  con- 
temporaneous beds.  The  present  case,  however,  finds  no  par- 
allel in  such  occurrences,  for  here,  even  if  admitted  for  the 
sake  of  argument  to  be  eruptive,  the  rock  which  has  furnished 
the  fragments  has  quite  certainly  never  solidified  at  the  sur- 
face, but  has  had  removed  from  it  before  it  could  be  broken 
b;  the  waves  of  the  sea  an  immense  thickness  of  rock  material. 
Moreover,  it  is  not  only  the  gneisses  that  have  furnished  frag- 
ments to  the  overlying  series.  Fragments  of  the  schists  accom- 
panying them  are  also  frequently  met  with  in  the  slates  of  the 
apper  series. 

It  may  be  said,  in  passing,  that  these  "recomposed"  rocks, 
which  occur  in  these  slates,  close  to  the  sources  of  the  detrital 
material  of  which  they  are  made,  have  quite  striking  parallels 
among  the  Triassic  sandstones  of    the   Connecticut  Valley. 
These  sandstones  lie  in  a  trough  of  granite,  gneiss,  mica  schist, 
etc.    They  are  described  as  nearly  always  highly  feldspathic, 
and  little  sorted.     At  certain  points  the  sorting  process  has 
been  so  entirely  omitted  that  the  indurated  detritus  is,  macro- 
ficopically.  difficult  to  distinguish  from  the  parent  rock.     Pro- 
cessor J.  D.  Dana,  to  whom  I  am  indebted  for  first  calling  my 
attention  to  these  recomposed  Triassic  rocks,  has  kindly  fur- 
Dashed  me  with  specimens  of  the  sandstones  and  of  the  crystal- 
line rocks  from  which  they  are  derived.     We  have  made  and 
^^udied  thin  sections  of  these  sandstones  and  have  compared 
them  with  a  number  of  the  recomposed  rocks  from   various 
Ipints  in  the  Lake  Superior  Archaean  region,  and  have  found 
"ccn  to  be  of  precisely  the  same  nature  and  origin. 
-A.ttention  should  next  be  invited  to  certain  occurrences  indi- 
tted   on    the   accompanying  diagram,*  which  have  been  ap- 

-^^Qcalt  to  show  on  the  small  scale  of  the  reduced  fig^ire  printed  herewith. 
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pealed  to  as  indicating  the  formation  by  eruptive  agencies  of 
the  more  southerly  rocks  subsequently  to  the  formation  of  the 
entire  series  of  higher  ones.  We  have  already  seen  that  these 
southern  rocks,  if  eruptive,  must  quite  certainly  have  been 
formed  prior  to  the  more  northerly  series,  the  occurrence  of 
detritus  from  them  in  the  latter  alone  being  sufficient  to  render 
this  certain.  But  even  were  this  not  manifestly  so,  the  occar- 
rences  of  which  I  am  about  to  speak,  as  I  think,  furnish  no 
arguments  to  the  contrary.  The  accompanying  outline  map 
shows  that  while  the  base  of  the  slate  series  is  usually  made 
up  of  the  slate  member  to  which  reference  has  repeatedly  been 
made,  there  yet,  at  times,  comes  between  it  and  the  lower  roeki 
a  thin  layer  of  limestone.  Upon  this  occurrence  the  argument 
has  been  based  that,  since  the  lower  rocks  come  into  contact 
with  different  members  of  the  higher  series,  they  are  of  neces- 
sity subsequent  eruptives.  Now  in  the  first  place,  there  is 
good  reason  to  believe  that  the  limestone  here  concerned  .is  a 
mere  local  phase  of  the  slate  member  itself;  and,  in  the  second, 
even  if  it  be  a  distinct  member  of  the  series,  then  its  occurrence 
at  some  points  and  absence  at  others  is  precisely  what  should 
be  expected,  if  we  are  here  dealing  with  an  unconformable  con« 
tact ;  for  the  surface  of  the  lower  rocks  would  of  course  have  ^ 
some  corrugation,  in  the  depressions  of  which  the  lower 
layers  of  the  slate  series  would  accumulate,  while  the  elevi- 
tions  would  remain  uncovered.  Indeed,  as  any  one  glancing 
at  the  accompanying  map  must  admit,  the  line  of  contact  here 
is  singularly  free  from  such  irregularities  as  might  on  thisvie? 
reasonably  be  expected  to  occur. 

Summarizing,  then,  I  find  proof  of  the  existence  of  a  great 
unconformity  between  the  two  formations  we  have  been  fol- 
lowing:— 

1.  in  the  manner  in  which  the  regularly  succeeding  belts  of 
the  higher  series  traverse  the  courses  of  those  of  the  lower. 

2.  In  the  strong  contrast  between  the  two  series  as  to  rock 
kinds,  the  bedded  members  of  the  lower  series  having  arrived 
at  a  nearly  complete  recrystallization,  while  those  of  the  higher 
are  but  little  altered. 

3.  In  the  highly  folded  and  contorted  condition  of  the  lower 
series,  as  contrasted  with  the  unfolded  condition  and  simple 
stratigraphy  of  the  higher. 

4.  In  the  striking  contrast  between  the  contacts  of  the  gnm- 
ite  with  the  lower  schists  and  with  the  higher  slates,  the  for- 
mer being  invaded  by  it  in  an  intricate  manner,  the  latter  never, 
when  the  two  come  together;* 


*  Granite  in  veins  and  inierBecting  masses  occurs  among  the  upper  mica 
of  the  Penokec  scries  (see  map)  but  this  always  of  a  different  character  fhxn  tin 
granite  at  the  southern  contact  which  has,  as  yet,  never  been  found  to  .intamet 
tho  slates. 
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5.  In  the  discordant  laminations  of  the  two  sets  of  rocks 
hen  seen  in  contact  or  close  proximity. 

6.  In  the  occurrence  in  the  upper  series,  not  only  at  horizons 
K)ve  the  base,  but  also  at  points  on  the  contact  line,  of  abund- 
it  detrital  material  derivea  from  the  lower  series. 

The  succession  of  formations  in  this  region  is,  then,  as  I  see 
le  matter,  as  follows,  beginning  with  the  southernmost  or  old- 
rt:  {!)  gneiss-granitegreen-echist  formation ;  great  unconform- 
y;  (2)  iron-bearing  slate  formation ;  unconformity;  Keweenaw 
ties. 

Turning  next  our  attention  to  the  Marquette  Begion  of 
[ichigan,  we  note  at  once,  that,  while  the  slaty  iron-bearing 
)rmation  here  displayed  is  manifestly  and  by  common  consent 
it  same  as  that  of  the  Penokee-Gogebic  region  just  described, 
1  one  point  it  presents  with  the  latter  a  marked  contrast  I 
sfer  to  its  highly  folded  condition.  In  a  general  way,  it  may 
e  said  that  the  rocks  of  this  region  lie  in  a  trough  or  troughs 
rbose  sides  are  formed  of  granitic  and  gneissic  material. 
^Tithin  the  troughs  the  slaty  rocks  are  strongly  crumpled. 
V^ith  regard  to  their  stratigraphical  arrangement  somewhat 
liseordant  views  have  been  held,  the  crumpling  having  made 
jorrect  determination  in  this  respect  often  difficult  There  can, 
lowever,  as  it  seems  to  me,  be  no  question  that  Dr.  C.  Eom- 
Qger,  whose  personal  acquaintance  with  the  Marquette  region  is 
more  extensive  than  that  of  any  other  geologist,  is  correct  in 
r^arding  certain  greenish  schists,  which  frequently  intervene 
between  the  iron-bearing  slates  and  the  granite  and  gneiss,  as 
the  basement  upon  which  the  rest  of  the  slaty  series  was  spread, 
rbese  greenish,  generally  homblendic  schists,  are  Bominger's 
"Dioritic  Group,"  and,  if  of  sedimentary  origin,  as  they  seem 
n  some  measure  undoubtedly  to  be,  they  are  now  in  a  highly 
netamorphosed  condition,  being  in  the  main  made  up  of 
)riginal  crystalline  material.  Where  these  greenish  schists 
»me  into  contact  with  the  bounding  granite,  the  latter  pene- 
trates them  in  the  most  intricate  manner,  so  that  one  cannot 
■esist  the  conclusion  that  it  is  the  more  recently  formed  rock. 
Prom  this  unmistakable  relation,  regarding  his  Dioritic  Group 
IS  the  lowest  member  of  the  slaty  or  iron-bearing  series.  Dr. 
Sominger  natural]y  passes  to  the  conclusion  that  the  gran- 
tes  are,  in  large  measure,  subsequent  to  this  entire  series, 
irhose  present  crumpled  and  trough-like  arrangement  he  con- 
ects  with  the  subsequent  protrusion  of  the  granite  masses  on 
ither  side.  To  me,  however,  it  seems  plain  that,  in  the  green- 
h  schists  at  the  base  of  the  Marquette  iron-bearing  series  we 
ive  the  equivalents  of  those  just  described  as  occurring  south 
•  the  Penokee-Gogebic  iron-bearing  series,  like  which  they 
nn,  as  I  conceive,  part,  not  of  the  higher,  but  of  the  lower 
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formation.  On  this  view,  the  stracture  of  the  Ma: 
region  becomes  plain.  The  slate  series  above  the  ei 
schists,  in  the  main  composed  of  relatively  little  altered 
was  originally  built  up  upon  a  basement  composed  of  % 
gneiss,  and  these  greenish  schists  themselves,  and  subseq 
was  pushed  into  trough-like  forms  by  lateral  pressure 
dation  then  brought  matters  to  their  present  condition. 

To  support  this  view  we  have  many  of  the  same  argv 
as  advanced  in  the  case  of  the  Penokee  region.  Disco 
of  lamination,  on  account  of  the  highly  crumpled  condii 
the  whole  succession,  and  of  the  common  lateral  press 
which  both  basement  rocks  and  overlying  slates  have 
subjected,  is  here  naturally  not  to  be  readily  made  out 
the  other  arguments,  viz:  the  penetration  of  the  gr 
schists  by  the  granites  where  the  two  come  into  coot) 
contrasted  with  the  entire  absence  of  any  such  relation, 
the  bounding  granite  forms  contacts,  as  it  does  at  a  num 
places,  with  the  slates  and  quartzites  above  the  ereenish 
group ;  the  occurrence  in  the  lower  series  oi  only  \ 
altered  sediments,  gneiss  and  granite,  while  the  higher 
are  relatively  little  altered ;  the  occurrence  in  the  higher 
of  fragments  from  the  lower,  **  re-composed  "  rocks,  occi 
at  points  where  the  quartzites  of  the  upper  series  coro( 
contact  with  the  gneisses  of  the  lower — all  of  these  arga 
hold  here  as  well  as  in  the  Penokee  region.  Here  then 
it  seems  to  me  plain  that  we  have  to  deal  with  a  Im 
greenish-schist^  gneiss-granite  member^  and  a  higher,  unooc 
ably  overlying,  slaty ^  iron-hearing  member. 

Thus  it  appears  that  in  two  portions  of  the  Lake  Su 
Region  we  have  a  distinct  separation  of  the  Archaean  int 
members.  Were  the  time  at  our  disposal,  and  could 
done  without  wearying  you,  I  could,  I  think,  present  s 
arguments  in  favor  of  the  existence  of  two  similar  divisi( 
various  other  points  in  the  Lake  Superior  Archsdan  Segi< 

There  is,  indeed,  one  way  in  which  we  can  avoid  the  c< 
sion  which,  as  it  seems  to  me,  has  thus  been  forced  upc 
viz:  that  the  Archddan  of  this  region  is  divisible  into  ai 
two  wholly  separate  members.  This  is  by  throwing  the 
of  the  two  divisions  into  the  Cambrian  and  calling  on' 
lower  one  of  the  two  Archaean.*     By  so  dbing,  howeve 

*  This  is  essentially  what  N.  H.  "Winchell  would  do  in  referring  all 
western  Huronian  rocks  to  the  Taconic  of  Emmons  (Amer.  Naturalist,  ( 
1884,  pp.  984-1000).  With  the  Taconic  system,  and,  indeed,  with  the 
"  Taconic  question  "  I  have  little  acquaintance,  but  I  cannot  feel  any  grei 
dence  in  the  parallclization  of  formations  so  distant  from  one  another 
western  Huronian  and  the  '*  Taconic,"  on  exclusively  lithological  e^ 
However  this  may  be,  there  is,  in  Professor  Winchell's  general  arrange 
the  crystalline  rocks  of  the  northwest,  much  with  which  I  can  oordiall} 
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ihonld  extend  the  term  Cambrian  from  the  fossiliferous  Pots- 
lam  downward  over  two  great  unconformities  and  two  enor- 
DQOusly  thick  and  entirely  an  fossiliferous  sets  of  rocks.     If  any 

S^d  reason  can  be  advanced  for  so  greatly  extending  the  term 
mbrian — or  for  using  any  other  term  or  terms  of  equal  taxo- 
Qomic  value  with  Cambrian,  to  cover  the  space  between  the 
Potsdam  sandstone  and  the  base  of  the  iron-bearing  slates — 
then,  with  my  present  knowledge  of  these  formations,  I  am  as 
strong  an  advocate  as  any  of  the  indivisibility  of  the  ArchsBan. 
Not  that  I  would  maintain  the  certain  absence  of  unconformities 
among  the  rocks  to  which  the  term  Archaean  would  thus  be 
restricted.  I  would  merely  hold  that  we  have  as  yet  no  evi- 
dence upon  which  to  base  any  separation.  However  this  may 
be,  it  is  to  be  noted  that  the  upper  one  of  the  two  members  into 
which  I  have  maintained  that  the  Archaean  of  this  region  can 
be  divided  has  always  played  the  part  of  typical  Archaean  in 
the  writing  of  the  various  geologists  who  have  described  the 
region,  and  this  not  only  with  those  who  have  maintained  the 
divisibility  of  the  Archaean  but  also,  and  ver^  prominently, 
with  tbo&e  who  have  maintained  its  indivisibility.  To  me  it 
teems  very  improbable  that  this  generally  accepted  reference 
of  the  iron-bearing  series  to  the  Archaean  can  ever  be  proved 
erroneous  in  any  other  save  one  way,  viz:  by  the  discovery 
in  them  of  fa<«ils.  This  is,  of  course,  a  discovery  that  may  be 
made  at  any  time.  The  rocks  are,  in  the  main,  less  altered 
than  many  of  later  date  carrying  fossil  remains.  Until  .this 
discovery  is  made,  however,  we  must,  I  think,  continue  to  call 
tbem  Archaean. 

The  question  next  arises  as  to  the  names  we  shall  use  for 
these  two  divisions  of  the  Lake  Superior  Archaean. 
It  is  now  many  years  since  Sir  William  Logan,  after  an  ex- 

StflL  there  are  certain  points  in  it  with  regard  to  which  I  feel  confident  that  he  is 
mistakeD.  The  most  important  of  these  points,  in  the  present  connection,  is  the 
refereDce  of  the  original  Huronian  of  Canada  to  the  quartzite  and  marble  series 
which  forms  so  prominent  a  feature  at  the  base  of  the  iron«bearing  rocks  of  the 
Marquette.  Menonaonee  and  Penokee  districts.  In  doing  this  we  parallelize  a 
nries  of  enormous  thickness  (15,000  to  18,000  feet),  with  one  only  a  few  hun- 
dred feet  in  thickness,  there  being,  at  the  same  time,  every  reason  to  believe  that 
the  two  formations  are  actually  continuous.  Moreover,  although  Logan*s  gener- 
alized descriptions  do  not  necessarily  convey  the  idea,  a  study  of  the  ground 
ibows  that  the  black  slates  and  cherty  ferruginous  rocks,  characteristic  of  Win- 
diell's  Groups  III  and  IV,  occur  in  the  original  Huronian ;  while  there  is  on  the 
north  shore  of  Lake  Huron  a  mica  schist  or  micaceous  quartzyte  which  has 
always  been  mapped  by  the  Canadians  as  Huronian  and  which  may  represent 
the  mica-schist  of  Wincbell's  Group  II.  But  I  have  never  designed,  in  parallel- 
izing the  original  Huronian  with  that  of  the  Marquette  and  Penokee  regions,  to 
indicate  my  belief  that  it  covers  exactly  the  same  range  as  they.  If  it  is  equiva- 
lent to  any  part  of,  or  to  more  than  all  of,  the  Marquette  and  Penokee  iron-bear- 
ing series,  inasmuch  as  in  these  series  there  is  no  evidence  whatever  of  any 
disoordanoes  or  separations,  we  are  justified  in  speaking  of  the  two  latter  series 
M  Huronian. 
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f>erience  in  these  regions  which  has  yet  been  equalled  by  no 
iving  geologist,  separated  the  Archsean  or  Azoic  formations  of 
Western  Canada  into  a  lower  gneissic  member  and  a  higher 
quartzitic  slate  member,  which  he  called  respectively  by  the 
now  well  known  names  of  Laurentian  and  Huronian.     For  the 
latter  formation  he  took  as  his  type  the  series  of  rocks  which  is 
displayed  along  the  north  shore  of  Lake  Huron,  between  the 
St  Mary's  and  Thessalon  rivers.     Having  examined  this  for- 
mation somewhat  thoroughly,  I  have  no  hesitation  in  sajin/; 
that  in  it  we  find  the  equivalent  of  the  iron-bearing  slates  of 
the  Marquette  and  Penokee  regions,  in  which  opinion  I  merelj 
follow  a  succession  of  geologists.     Like  the  latter  formations  it 
is  in  the  main  composed  of  quartzite  and  slate,  with  various 
cherty  and  limestone  beds,  and  with  many  included  eruptivea, 
and   like  them  also  it  is  distinctly  a  feebly  altered  series. 
Where  its  basal  quartzite  member  comes  into  contact  with  the 
underlying  gneiss,  which  forms  the  north  shore  of  Lake  Huron 
for  a  number  of  miles  east  from  Thessalon  River,  and  which 
has  been  mapped  by  Logan  as  Laurentian,  a  most  beautifd 
basal  conglomerate  is  to  be  seen.     The  quartzite,  h^  little 
more  than   a  feebly   indurated    sandstone,   becomes   thickly 
crowded  with  masses  of  granite,  gneiss  and  schist,  the  quartz 
sand  of  which  the  rock  is  usually  composed  giving  place,  also, 
in  large  measure,  to  an   unassorted  detritus  plainly  derived 
from  the  adjacent  gneiss. 

Sir  William  Logan's  able  successor  in  charge  of  the  Geolog- 
ical Survey  of  Canada,  Dr.  A.  R.  C.  Selwyn,  has  recently  said 
that  Logan  nowhere  asserts  an  unconformity  between  his  Lau- 
rentian and  Huronian,  and,  indeed,  that  he  could  not  have  be- 
lieved in  such  an   unconformity.     To  me,  however,  it  seems 
Elain  that  Dr.  Selwyn  must  be  mistaken  as  to  this.     That  Logan 
elieved  in  such  an  unconformity  seems  evident  to  me  from  his 
sections  of  the  region  north  of  Lake  Huron  in  the  atlas  (Geo- 
logical  Sections,  Plate  I^  to  the  Geology  of  Canada  (1863), 
and  in  his  descriptions  given  in  that  volume,  although  he  does 
not  make  the  statement  in  so  many  words.     In  speaking,  for 
instance,  of  the  contact  of  the  Huronian  with  the  gneiss  on  Lake 
Temiscamang,  he  describes  it  as  filled  with  fragments  from  the 
gneiss.      Now,    manifestly,   such   an   occurrence,   on   Logaa's 
plainly  expressed  view  as  to  the  sedimentary  origin  of  gneiss, 
can  only  be  explained  by  a  great  time-gap  between  the  two 
formations. 

It  is,  of  course,  well  enough  known  to  any  geologist,  wli -^ 
has  worked  with  these  older  formations  to  any  extent,  that  tl^ 
terms  Laurentian  and  Huronian  have  been  greatly  abused,  ha^ 
ing  been  applied  often  on  the  very  feeblest  of  lithological  ev 
dence.  It  is  also  manifest  to  any  one  with  such  experience 
that  where  the  two  series  ate  mio\ded,  «a  \xv  \.\\^  Marc^uette  r^ 
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»n,  and  again  on  the  north  side  of  Lake  Superior,  there  must 
;en  arise  great  difficulty  in  separating  the  newer  slates  from 
3  older  schists.  Such  considerations  do  not,  however,  seem 
me  to  take  awaj  anything  from  the  arguments  I  have  ad- 
jnced  in  favor  of  the  existence  of  a  separation,  for  the  region 
)iD  Lake  Huron  to  southeastern  Dakota,  of  the  Archaean  for- 
ations  into  two  distinct  members. 

As  I  now  see  the  matter,  then,  all  arguments  recently  pre- 
inted  to  the  contrary  notwithstanding,  I  certainly  believe  in  a 
[vision  of  the  Archaean,  for  the  region  in  question,  into  two 
iscordant  members,  to  which  for  the  present  at  least  we 
loald  continue  to  give  the  classical  names  of  Huronian  and 
aurentian. 


Abt.  XXXIV. — Mineralogical  Notes  ;  by  W.  K  Hidden. 

Phenacite^  a  new  locality, — To  Mr.  J.  G.  Hiestand  of  Manitou 
prings,  Colorado,  I  am  indebted  for  a  few  specimens  of 
aartz,  topaz  and  amazonstone  (microcline),  on  which  I  have 
mod  implanted,  colorless  crystals  of  phenacite  in  considerable 
ambers.  These  specimens  were  discovered  last  summer  at 
lorissant,  El  Paso  County,  Colorado,  about  thirty  miles  (by 
le  road)  from  the  locality  previously  announced  by  Messrs. 
ross  and  Hillebrand  in  this  Journal,  The  phenacites  are 
ell  polished  and  transparent,  and  are  commonly  highly 
odiBed.  They  vary  in  size  from  one  to  five  mm.,  are 
variably  lenticular  in  shape,  with  little  or  no  prismatic 
fvelopment  and  are  implanted  usually  edgewisa  A  deter- 
ination  of  the  specific  gravity  yielded  2*954,  which  is  rather 
w  considering  the  perfection  of  the  crystals.  Three  different 
lombohedrons,  two  scalenohedrons  and  three  prisms  were 
)served  but  their  angles  could  not  be  determined  with  exact- 
iss  with  the  means  at  hand.  Later  I  shall  endeavor  to  figure 
lem  and  describe  them  more  accurately. 

They  had  been  considered  minute  topazes  up  to  the  time 
ley  were  brought  to  my  notice ;  their  rhombohedral  aspect 
jcided  me,  however,  to  make  the  determination  above  given. 
nth  these  phenacites  were  found  several  hundred  crystals 
:  topazes,  many  of  them,  large  and  small,  still  attached  to 
le  matrix  and  perfect  in  form. 

Xenotime^  a  new  locality, — From  the  same  source  as  the 
iienacite  and  topaz  above  noted  I  have  received,  along  with 
>me  bastnaesite,  a  single  tetragonal  crystal  of  5*1  grams  weight, 
am  informed  that  it  was  found  with  bastnaesite  and  at  the 
me  locality  where  the  tysonite  and  bastnaesite  were  originally 
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found,  near  Pikers  Peak,  Colorado.  A  fragment  tested  qualita- 
tively showed  the  presence  of  phosphoric  acid,  iron,  lime  and 
one  of  the  rare  earths,  probably  yttria.  Its  sp.  gray,  was  4'48, 
but  after  soaking  two  days  in  water  increased  to  4*92.     It  was 

f)orous  (through  decomposition?).  The  planes  1,  /,  0  were 
argely  developed,  0  having  been  unknown  heretofore.  An- 
gles^ lys  7=129°,  1.S  0=140°- 141°,  1/^1  ov.  0=102°,  1a1 
ov.    7=78° -80°. 

The  crystal  was  over  one  centimeter  square,  of  a  chocolate 
brown  color  and  like  wiluite  in  type  of  form.  Implanted  upon 
it  were  small  crystals  of  similar  character.  There  can  be  no 
doubt  of  its  identity  with  xenotime.  The  prismatic  (/)  cleav- 
age was  not  observed  for  the  reason  of  superficial  alteration. 

Fayalite  (?),  from  Colorado, — Also  from  the  same  source  and 
same  region  as  the  phenacite,  I  have  received  large  masses, 
uncrystallized,  of  a  mineral  which  may  prove  to  be  fayalite. 
The  sp.  grav.  is  4"35,  the  color  dark  brownish-black.  Slight 
evidence  of  cleavage  in  two  directions.  It  contains  silica  and 
iron  and  traces  of  manganese  and  lime.  It  is  fusible  and 
gelatinizes  with  acids. 

These  characters  agree  pretty  closely  with  fayalite,  though 
the  density  is  somewhat  nigh.     It  was  found  in  quartz  and    \ 
granite  in  "  vugs,"  on  Cheyenne  Mountain,  Colorado;  masses  of 
many  pounds  weight  occur  at  one  of  the  localities. 

Zircon,  a  new  plane, — I  have  lately  observed  on  a  crystal  of 
zircon  from  Burgess,  Canada,  a  very  low  pyramid  which  after 
measuring  gave  the  following  results  with  hand  goniometer: 

on  7=106°  to  107",  over  0=146°,  over  7=34% 

all  of  which  angles- closely  correspond  with  the  required  angles 
for  the  plane  i.  The  plane  t  has  not  before  been  observed 
to  my  best  knowledge.  In  addition  to  the  above  obtuse  pyra- 
mid, which  was  largely  developed  and  smoothly  polished,  the 
planes  3,  1,  0,  /,  3-8  and  two  other  zirconoids,  were  observed, 
the  last  two,  however,  were  too  rounded  for  exact  determination. 
This  particular  crystal  was  an  unusually  fine  one  and  weighed 
nearly  4  grams. 

Rutile, — The  old  locality  in  Alexander  County,  N.  C,  at 
Johnson's  Mill  (now  Crouch's)  was  lately  re-opened  by  Mr.  W. 
H.  Lackey  and  yielded  some  very  fine  prisms  of  rutile  of  re- 
markable brilliancy  and  polish.  Some  of  the  crystals  were  1 
cm.  thick,  and  8  cm.  long  and  perfectly  terminated  with 
many  bright  planes.  Held  up  to  the  light  the  crystals  had  the 
color  of  pyrargyrite.  The  fracture  was  bright  conchoidal. 
The  planes  1,  1-z,  1-3.  3-|,  7,  i-3  and  ii  were  observed  and 
measured  with  hand  goniometer. 

Emeralds  and  Hiddenite,  a  7iew' occurrence, — In  October  last 
Mr.  W.  H.  Lackey  of  Stony  Point,  N.  C,  discovered  a  new 
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toeket  of  emeralds,  hiddenite,  quartz,  etc.,  on  the  Osborn 
Lackey  land  in  Alexander  County,  N.  C.  This  new  discovery 
I  distant  about  one-fifth  of  a  mile  northwest  from  the  mine,  of 
he  Emerald  and  Hiddenite  Mining  Company,  and  joins  the 
and  formerly  known  as  the  Lyon's  property.  About  fifty 
iiyatals  of  emerald,  2  cm.  to  7  cm.  long  and  from  2  mm.  to 
\  mm.  in  diameter,  were  found.  They  were  all  transparent 
>Qt  of  pale  color  and  but  one  of  the  crystals  was  large  and  pure 
mongh  to  be  cut  into  gems.  The  Hiddenites  found  were  very 
infenor  and  of  very  pale  color.  The  curious  rough  edges  and 
pseado-horizontal  striations  were  noticed  on  nearly  all  of  the 
orystals  of  emerald,  these  markings  being  peculiar  to  the  beryls 
di  the  region.  Only  the  planes  /,  t-2  and  0  were  found. 
fTbe  particular  interest  attached  to  this  occurrence  is  the  fact  of 
^  locality  being  somewhat  distant  from  the  old  one  and  for 
reason  it  is  encouragement  for  future  work. 


SCIENTIFIC     INTELLIGENCE. 


I.  Chemistry  and  Physics. 

1.  On  the  if^hience  of  Temperature  on  Spectrum  measurements, 
— ^The  connection  between  refractive  power  and  density  has  been 
mown  from  the  time  of  Newton,  who  gave  a  formula  ezpressins 
;he  relation.  Gladstone  and  Dale,  Jamin,  Schrauf,  Lanaolt  and 
ithers  have  shown  that  in  liquids  the  refractive  power  increases 
irith  density  and  therefore  with  diminution  of  temperature.  Rud- 
>erg  examined  solids  and  found  aragonite  and  quartz  to  follow 
;he  Bftme  law ;  but  he  showed  that  the  refractive  power  of  glass 
.nereases  with  rise  of  temperature ;  a  fact  also  observed  by  Arago 
vdA  Nenman  previously.  Estss  has  now  measured  three  prisms 
at  Yftrious  temperatures  in  order  to  ascertain  the  amount  of  this 
elitoge  and  to  determine  its  importance  in  ordinary  spectrum 
metsorements.  The  measurements  were  made  by  means  of  a 
nuerometer  which  moved  the  observing  telescope,  in  connection 
with  an  eye  piece  micrometer  contained  in  the  latter.     The  ap- 

rttus  was  placed  in  a  room  in  which  constant  temperature  could 
maintained.  About  one  and  a  half  hours  were  requisite  to 
bring  the  apparatus  to  any  required  temperature,  but  two  hours 
▼ere  always  allowed  before  making  any  measurements.  Indeed  it 
¥ag  easy  to  see  by  the  lines  whether  the  instrument  was  under- 
gcin^  change  of  temperature,  since  they  in  that  case  would  shift 
pofiiuon.  The  results  are  given  in  the  following  tables,  in  which 
iie  readings  of  several  Fraunhofer  lines  are  given  in  divisions  of 
he  micrometer : 
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1.  Glass  Prism  of  60' 


Temp, 

a 

D.                  E. 

h. 

K 

16^0. 

2661-3 

2723*2             2942-6 

2979-4 

3140-7 

:iO"  C. 

2565-8 

2727-8             2948-6 
2.  Quartz  Prism  of  60**. 

2983-9 

31463 

18'' C. 

313-5               397-6 

414*3 

470-0 

29*  0. 

3. 

311-7               396-6 
Triple  Ruthbrfurd  Prism. 

411-6 

4681 

U*'  C. 

1172-4 

1436.2             1804-9 

1866-4 

16'*C. 

11731 

1437-2             1806-6 

1867-7 

2r60-9 

•20''  C. 

1174-4 

1438-4             1807*3 

1868-5 

2152-8 

30"  C. 

1177-7 

14420             1811-0 

1872-2 

2158-6 

G. 

D. 

E, 

h. 

F. 

+  7-50 

+  7-67 

+  9-83 

+  7-60 

+  9-33 

I     «    M     • 

-4-10 

-2-27 

-6-36 

-4-32 

+  8-28 

+  9  06 

+  9-63 

+  9-06 

+  13-75 

From  this  it  appears  that  this  shifting  of  the  spectrum  lines  by 
change  of  temperature  is  considerable  enough  to  be  important,  a 
rise  of  25^  changing  the  position  of  the  lines  as  follows : 

Glass  prism  of  60°, 
Quartz  prism  of  60", 
Ruthorfurd  prism, 

All  spectrum  lines,  then,  shift  by  rise  of  temperature ;  in  glais 
prisms  toward  the  violet ;  in  quartz  prisms  toward  the  red. 
Moreover  this  shifting  increases  with  the  refrangibility  of  the 
region  examined.  The  importance  of  this  change  appears  more 
distinctly  by  a  comparison  of  the  micrometer  readings  with  the 
wave-lengths  in  millionths  of  a  millimeter,  given  at  two  tempera- 
tures the  Ruthcrfurd  prism  being  used. 

Micrometer  reading, 
Wiive-longth  at  5**, 
Wave-length  at  30". 

A  change  of  temperature  of  about  5°  suffices  therefore  to  alier 
the  measurement  of  wave-length  by  an  amount  equal  to  the  dis- 
tance between  the  I)  lines. — Ber,  Berl.  Chem.  Qea.^  xvii,  2732, 
Dec.  1884.  g..  p.  b. 

2.  On  a  New  Method  of  determining  Vapor-pressures, — Ramsat 
and  Young  have  devised  a  new  form  of  apparatus  for  determin- 
ing vjipor-pressures  both  of  liquids  and  solias.  The  substance  is 
placed  in  a  test-tube  having  a  lateral  opening,  the  top  being 
closed  by  a  rubber  stopper  through  which  pass  (1)  a  thermometer 
having  its  bulb  covered  with  cotton,  and  (2)  a  glass  tube  connected 
with  a  bulb  above  and  drawn  out  below  to  a  point  which  is  bent  so 
as  to  touch  the  stem  of  the  thermometer.  By  means  of  the  lateral 
opening  the  tube  may  be  put  in  communication  with  a  reservoir 
connected  with  a  Sprengel  pump.  A  suitable  jacket  enables  the 
tube  to  be  heated  to  any  required  tem])erature.  The  reservoir  ii 
immersed  in  a   cooling    mixture.     To  make  an  experiment^  th< 


a 

D. 

E. 

b. 

F, 

11694 

1432-9 

1801-5 

1863-1 

2144-8 

056-8 

580-7 

5274 

617-7 

48r,-5 

668-9 

5920 

529-0 

519-2 

4S8-0 
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paratus  is  thoroughly  exhausted,  and  by  means  of  a  spring  clip, 
e  liquid  to  be  examined,  which  is  contained  in  the  bulb,  is 
lowed  to  trickle  down  the  thennometer  and  thoroughly  moisten 
te  cotton  wool.  The  spring  clip  is  then  closed  and  the  tube 
eated,  the  temperature  and  pressure  bein^  noted  so  soon  as  they 
ecome  constant.  A  little  air  is  then  admitted  and  a  second  read- 
ig  of  pressure  and  temperature  taken,  care  being  observed  to 
eep  the  cotton  constantly  moistened.  ^Fhe  process  is  continued 
Dtil  a  sufficient  number  of  observations  have  been  taken.  When 
solid  is  to  be  submitted  to  experiments,  the  bulb  of  the  ther- 
IOmeter  is  previously  covered  with  it  by  dipping  it  repeatedly  in 
16  melted  substance.  The  results  of  a  determination  of  vapor- 
"essure  are  given  in  the  case  of  acetic  acid,  the  curve  yielded  by 
lem  when  plotted  being  absolutely  coincident  with  that  obtained 
r  the  usual  process  when  air  and  moisture  are  rigorously  ex- 
uded, the  substance  being  perfectly  pure. — J.  Chem.  Soc,y  xlvii, 
,  January,  1885.  6.  f.  a 

3.  On  the  Non-formation  of  Periodic  oxide  {Iodine  pentoxide) 
'  direct  synthesis. — Since  the  heat  of  formation  of  periodic  oxide 
positive,  and  is  equal  to  44,860  calories,  according  to  Thomsen, 
i  should  expect  that  iodine  and  oxygen  would  unite  directly  to 
rm  this  substance.  Wshsabg  has  made  a  series  of  experiments 
test  this  question  experimentally.  In  the  first,  oxygen  charged 
ith  iodine  vapor  was  passed  through  a  glass  tube  containing  a 
ug  of  platinized  asbestus  7  or  8  cm.  long,  and  heated  to  a  tem- 
nrature  of  200°  in  an  air  bath.  After  two  hours,  the  tube  was 
aebed  out  with  water  and  the  solution  examined ;  but  no  trace 

the  pentoxide  was  detected.  In  the  others,  the  temperature 
as  raised  to  250°,  290°  and  finally  to  a  dark  red  heat;  but  with 
similar  result.  By  means  of  a  Hofmann  vapor  density  apparatus 
le  mixture  of  oxygen  and  iodine  was  heated  by  aniline  vapor  to 
)2°,  io  presence  of  four  beads  of  platinum  sponge.  Finally  the 
ixture  was  sealed  up  in  glass  tubes  with  six  beads  of  platinum 
)onge  and  heated  for  6  hours  to  temperatures  of  200*,  250°  and 
>0^  But  with  no  result,  no  pentoxide  being  detected  as  the 
redact  of  the  reaction.  Since  1,0^  decomposes  at  300°  it  was 
Dt  thought  advisable  to  exceed  this  temperature. — Ber.  Berl. 
'hem.  Ges.y  xvii,  2896,  Jan.  1883.  G.  f.  b. 

4.  On  the  Atomic  Weight  of  Platinum. — Halbebstadt  has 
ipeated  the  experiment  of  Seubertto  determine  the  atomic  weight 

platinum  from  the  double  chlorides  of  potassium  and  of  ammon- 
m  respectively,  and  has  extended  the  investigation  to  the  corres- 
ending  bromides  and  to  platinum  tetrabromide.  Two  methods 
analysis  were  employed.  In  the  first  the  platinum  was  deter- 
ined  by  igniting  the  compound  in  a  current  of  hydrogen  and  in 
B  second  by  electrolytic  precipitation.  When  potassium  salts 
Te  used  the  results  were  checked  by  evaporating  and  weighing 
3  solution  of  the  residue.  For  the  investigation  300  grams  of 
ktinum  were  used,  purified  by  the  Bunsen-Schneider  method, 
e  tetrabromide  was  obtained  by  heating  platinum  sponge  with 

kjc.  JouB.  Sol— Thibd  Sekibs,  Yol.  XXIX.  No.  171.— March,  1885. 
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bromine  and  aqueous  hydrogen  bromide  in  sealed  glass  tubes 
evaporating  the  solution  and  heating  the  residue  to  180^.  It  isi 
dark  brown  non-liygroscopic  powder,  difficultly  soluble  in  watec 
easily  so  in  alcohol  and  ether.  The  double  bromides  of  potassiuai 
and  of  ammonium  were  prepared  by  adding  potassium  or  amm<> 
nium  bromide  either  to  an  aqueous  solution  of  hydrogen-platioon 
bromide  or  to  one  of  platinum  tetrabromide.  Ammonium-plati- 
num bromide  forms  small  crimson  octahedrons  difficultly  solubk 
in  water.  The  potassium  solution  is  quite  similar.  The  totd 
number  of  determinations  made  was  97;  59  being  by  ignition 
and  28  by  electrolysis.  The  mean  result  given  by  the  fonnerb 
194*54246  for  the  atomic  weight  of  platinum;  by  the  latter 
]94'C6078.  The  ECl  and  EBr  determinations  as  checks  gaveio 
the  former  case  194*77061;  in  the  latter  194*62987.  Taking  tU 
the  results  the  mean  value  obtained  is  194*57592,  the  actual 
atomic  weight  of  platinum. — Ber,  JJerl.  Chem,  &€8.^  xvii,  29W, 
Jan.  1885.  o.  F.  & 

6.  On  the  Preparation  of  Chromium  oxychloride  (CAromyl 
chloride). — Moissan  has  observed  that  il  chromium  teroxide,  free 
from  sulphuric  acid,  be  introduced  into  hydrogen  chloride  gai, 
this  gas  is  at  once  absorbed  and  abundant  red  fumes  are  produced 
which  condense  into  a  liquid  boiling  at  108°  and  which  arechromio 
dichlorhydrine.  Heat  accelerates  the  reaction.  Hydrogen  brom- 
ide and  hydrogen  iodide  do  not  react  under  these  circumstaiioee. 
Chlorine  if  absolutely  dry  does  not  act  on  chromium  teroxide; 
but  in  presence  of  moisture  chromyl  chloride  is  produced.  ITie 
chromates  of  the  alkalies,  of  barium,  lead  and  silver  yield  the 
chromium  oxychloride  with  IICl  gas. — BtUl.  Soc.  Ch.^  II,  xliii,  6, 
Jan.  1885.  o.  F.  & 

6.  On  certain  new  Paraffins, — Sobabji  has  prepared  in  the 
laboratory  of  Wislicenus,  some  of  the  higher  members  of  the 
paraffin  series  hitherto  unknown.  The  reaction  employed  wtf 
that  of  Wurtz,  which  consists  in  treating  the  iodide  of  an  alcohol 
radical  with  sodium.  For  this  purpose  cetyl  iodide  dissolved  in 
six  times  its  weight  of  ether  was  placed  in  a  flask  furnished  with 
a  return  condenser.  Finely  divided  sodium  was  then  added  and 
in  a  short  time  it  became  covered  with  iodide  and  the  whole  liqaid 
was  filled  with  glistening  scales  of  dicetyl.  Alter  recry stall ization 
from  sjlacial  acetic  acid,  they  fused  at  70°  and  distilled  withoat 
decomposition  at  a  much  higher  temperature.  On  treating  heptyl 
iodide  in  the  same  way,  diheptyl  was  obtained  as  a  colorless 
mobile  oil,  boiling  at  245°  and  solidifying  at  6°.  When  a  mix- 
ture of  ethyl  and  of  cetyl  iodides  was  treated  with  sodium,  etb]^ 
cetyl  was  obtained  as  a  colorless  oil,  boiling  at  about  31S*. 
Cetane  was  also  prepared  by  the  author,  by  reducing  the  iodide 
by  concentrated  hydrogen  iodide  solution  in  presence  of  phospho* 
rus,  and  by  digestmg  the  iodide  with  zinc  and  hydrogen  chloridei 
It  is  an  oil  which  boils  at  278°  and  solidifies  at  18^-20^— J^  Chm* 
Soc,  zlvii,  37,  Jan.  1885.  e.  f.  & 
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7.  On  some  Derivatives  of  Urea, — Some  time  ago  Behrend 
escribed  a  body  obtained  from  acetacetic  ether  and  nrea  with 
be  loss  of  a  molecnie  of  water.  Upon  saponi6cation  the  sodium 
alt  was  produced ;  bnt  this  on  the  addition  of  an  acid  gave  an 
)cid  poorer  by  one  molecnie  of  water.  Strong  nitric  acid  attacked 
t  converting  the  methyl  group  into  carboxyl  and  nitrating  the 
«st,  giving  a  strong  dibasic  acid.  This  splits  up  giving  a  nitro- 
aody  C^HjNjO^,  which  when  reduced  gives  C^,N  O,,  a  body 
iiffering  from  xanthin  by  H,0  less  and  which  gives  the  murexiae 
reaction. — Ber.  BerL  Chem,  Ges,^  xvii,  2846,  Jan.  1885.   o.  p.  b. 

8.  A  Treatise  on  the  Principles  of  Chemistry ;  by  M.  M.  Pat- 
XI80N  MuiB,  M.A.,  F.R.S.E.  488  pp.  8vo.  Cambridge,  1884, 
(University  Press). — This  is  a  volume  of  much  more  than  ordi- 
Btry  inoportance  among  recent  contributions  to  chemical  litera- 
ture. Excellent  books  are  not  wanting  in  which  chemical  facts 
tre  presented,  but  a  profound  and  thorough  work  upon  Chemical 
Philosophy,  suited  to  the  wants  of  a  student  who  has  learned  and 
digested  these  facts,  has  long  been  needed  and  this  want  is  well 
npplied  by  the  present  volume.  The  subject  is  divided  into  two 
]Mirts,  Chemical  Statics  and  Chemical  Kinetics.  Under  the  first 
tre  discussed  the  subjects  of  atoms  and  molecules,  of  atomic  and 
Bolecalar  systems,  the  periodic  law,  and  the  applications  of  phy- 
sical methods  to  problems  of  chemical  statics.  Under  the  second 
the  leading  heads  are  dissociation,  chemical  change  and  chemical 
affinity.  The  work  is  full  of  suggestive  matter  and  will  aid  all 
students  who  are  desirous  of  mastering  the  fundamental  principles 
of  modern  chemistry.  It  is  especially  full  in  its  references  to 
recent  work  in  the  department  of  chemical  physics. 

9.  An  Introduction  to  the  Study  of  Organic  Chemistry;  by 
Adolph  Pinneb,  Ph.D.,  Professor  of  Chemistry  in  the  University 
of  Berlin;  translated  and  revised  from  the  fifth  German  edition 
by  Peter  T.  Austen,  Ph.D.,  F.C.S.,  Professor  of  Chemistry  in 
Kutgers  College.  403  pp.  8vo.  New  York,  1884,  (John  Wiley  <fc 
Sons). — This  is  an  excellent  text-book  of  Organic  Chemistry  and 
cannot  fail  to  be  welcomed  by  instructors  m  this  department; 
Professor  Austen  has  done  a  good  work  in  thus  making  accessible 
to  students  in  this  country  a  volume  which  has  met  with  such 
narked  success  in  Germany. 

10.  The  Elements  of  Chemistry ^  Inorganic  and  Organic^  by  Sid- 
set  A.  Norton,  Ph.D.,  LL.D.  604  pp.  8vo.  Cincinnati  and  New 
ifork,  1884,  (Van  Antwerp,  Bragg  &  Co.) — This  is  an  elementary 
rolnme  designed  as  a  text  book,  and  presenting  the  fundamental 
>rinciples  and  facts  of  chemical  science  in  clear  and  orderly  form. 
Numerous  experiments,  mostly  of  very  simple  character,  are 
iescribed  which  the   student  is  expected  to  perform  for  himself. 

11.  The  possibility  of  basing  a  Kinetic  Theory  of  Gases  upon 
Attracting  Force  alone, — Hitherto  the  hypothesis  has  been  acted 
upon  that  there  is  a  repulsive  force  between  molecules — the  hy- 
pothesis of  elastic  spheres  being  mechanically  equivalent  to  the 
hypothesis  of  a  repulsive  force  which  for  distances  greater  than 
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the  sum  of  the  radii  of  the  molecales  is  equal  to  zero  and  : 
smaller  distances  increases  to  a  great  degree.  Boltzmavn 
marks  that  Joule's  research  on  the  flow  of  gases  withont  the  p 
duction  of  work  shows  that  between  the  gas  molecules  an  attraeti 
force  must  act.  Boltzmann  therefore  considers  the  quest! 
wliether  the  hypothesis  of  attracting  force  alone  is  a  tenable  oi 
Hie  finds  tiiat  Maxwell's  formulas  based  upon  the  old  hypothei 
of  repnlniYC  force  apply  to  the  new  hypothesis  with  suiial 
changes  in  the  constants. — An?i,  der  Physik  vnd  Chemie,  No. 
1886,  pp.  37-44.  J.  T. 

12.  .Electrical  Keaistance  of  distilled  toater. — Fbibdbioh  Kob 
BAUSCH  shows  that  water  dislilled  in  a  vacuum  has  a  mw 
greater  resistance  than  ordinary  distilled  water  which  takes  i 
gases  which  affect  its  specific  resistance.  He  describes  fully  tl 
apparatus  by  means  of  which  he  distilled  water  in  a  vacuu: 
of  O'Ol"*™  of  mercury  pressure.  In  measuring  the  resistance  of  tl 
water  a  galvanometer  with  quick  moving  needle  was  used  i 
preference  to  a  dynamometer  with  alternating  currents.  Tl 
galvanometer  was  more  sensitive  than  the  dynamometer  or  tel( 
phone,  and  polarization  was  avoided  by  depressing  the  batter 
key  for  an  instant  only  and  taking  observations  with  revert' 
currents.  The  resistance  of  one  ohm  is  represented  by  a  layer  c 
water  1  square  millimeter  in  section  and  26  billionths  of  a  mcU 
in  thickness.  The  resistance  of  a  column  of  water  1  square  milU 
meter  in  section  and  1  meter  long  is  about  4*10**  ohms.  A  oop 
per  wire  of  the  same  section  and  resistance  would  be  24*10 
kilometers,  which  measures  a  distance  through  which  it  woul( 
take  light  2*2  hours  to  travel. — An7i.  der  l^hysik  und  Chemk 
No.  1,  1885,  pp.  48-52.  J.  T. 

13.  Double  refraction  of  light  in  fluids, — Double  refraction  hi 
hitherto  been  noticed  only  in  substances  which  possess  an  axi»- 
and  the  refraction  is  closely  related  to  the  direction  of  this  axis— o 
in  substances  submitted  to  a  pressure  in  definite  directions.  K  y 
Fleircul,  acting  upon  the  belief  that  a  suitable  combination  of: 
right-handed  circular  polarizing  liquid  with  a  left-handed  circaU 
polarizing  liquid  might  produce  two  wave-fronts  which  would  giv 
double  refraction,  constructed  a  long  glass  vessel  which  Wl 
divided  by  diagonally  placed  glass  partitions.  The  glass  trs 
thus  resembled  the  arrangement  of  prisms  in  a  direct  8pe< 
troscope.  The  hollow  prisms  thus  formed  were  filled  on  one  sid 
with  a  right-handed  polarizing  liquid  and  those  on  the  opposit 
side  with  a  left-handed  polarizing  liquid.  A  solution  of  levuloi 
in  water  was  used  for  the  latter  and  ordinary  right-handed  sugi 
for  the  former.  The  arrangement  of  the  apparatus  was  as  followi 
a  small  opening  was  made  in  a  screen  in  front  of  a  gas  flam 
The  light  from  this  passed  through  the  train  of  prisms.  Aboi 
five  meters  from  the  latter  was  placed  a  telescope  provided  wit 
an  astronomical  eye-piece  which  magnified  65  times.  On  lookii 
through  the  telescope  not  one  point  but  two  were  seen  near  oi 
another.     The  appearance   was   like  that  of  a  well  separate 
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ooble  star ;  orange  oil  and  mixtures  of  turpentine  gave  results 
imilar  to  those  obtained  with  sugar.  The  two  images  were 
bown  to  be  polarized  in  different  planes,  and  the  author  believes 
bat  be  is  justified  in  concluding  that  there  are  doubly  refracting 
mds  which  have  no  optical  axes ;  and  that  circular  polarization 
1  liquids  is  due  to  this  double  refraction.  The  wave  surfaces  of 
l^ht  in  these  liquids  consist  of  that  of  two  concentric  spheres. — 
inn,  der  Physik  und  Chemie^  No.  1,  1885,  pp.  127-144.     j.  t. 

14.  Penetration  of  day  light  in  the  water  of  Lake  Ge?teva. — MM. 
foh  and  Ed.  Sarasin's  experiments  consisted  in  exposing  photo- 
praphic  plates  at  various  depths  in  the  lake.  They  used  Monck- 
loven^s  rapid  gelatino-bromide  plates.  The  special  apparatus 
insisted  of  a  brass  photosrraphic  nolder,  the  slides  of  which  were 
dosed  by  a  pair  of  levers  joined  like  scissors,  and  actuated  bv  a 
ireight.  These  levers  separate  by  means  of  a  counter  acting  spnng 
Msoon  as  the  weight  of  the  lead  in  touching  the  bottom  releases 
llie  spring.  The  plates  were  exposed  a  certain  length  of  time  in 
t  horizontal  position  at  a  given  distance  below  the  surface  of 
the  water.  The  time  of  exposure  was  always  ten  minutes.  The 
developer  consisted  of  the  normal  oxalate  of  iron,  which  was  used 
for  ten  minutes  on  each  plate.  The  plates  were  all  coated  with 
the  same  emulsion.  The  expenments  were  made  in  front  of  Evian 
where  the  lake  over  a  large  extent  is  316  meters  in  depth.  It 
WM  found  that  day  light  penetrates  into  lake  Geneva  to  the  depth 
rf  170  meters,  and  probably  farther.  At  this  depth  the  illumina- 
tioDin  full  day  light  is  about  that  of  a  clear  night  without  a  moon. 
At  120  meters  the  light  is  still  very  strong.  In  September,  in 
cloudy  weather  the  lii^ht  penetrates  faither  and  with  greater 
intensity  than  in  perfectly  bright  August  weather.  This  fact 
may  be  due  to  the  difference  in  transparency  of  the  water  during 
these  months  or  to  the  greater  obliquity  of  the  rays  of  the  sun  in 
September. —  Comptes  Rendus^^OY.  10,1884.  j.  t. 

16.  New  Form  of  Daniell  Cell. — Helmholtz  at  the  meeting  of 
Ae  Physical  Society  of  Berlin,  January  9th,  describes  the  following 
Aodification  of  a  Daniell  cell.  At  the  bottom  of  a  deep  glass 
^blet  he  placed  a  copper  spiral  which  is  connected  with  an  insu- 
ated  platinum  wire  in  a  glass  tube.  Above  the  spiral  is  placed 
I  solution  of  sulphate  of  copper  which  could  be  replaced  by  means 
>f  a  funnel  reaching  to  the  bottom.  On  the  solution  of  copper 
ly  the  solution  of  white  sulphate  of  zinc  in  which  was  placed  the 
inc  cylinder.  A  siphon,  the  outer  leg  of  which  was  directed  from 
elow  upwards,  dipped  into  the  fluids  as  far  as  the  bounding  plane 
f  the  two  fluids,  so  that,  on  filtering  in  a  fresh  solution,  only  the 
elation  of  white  vitnol  immediately  above  the  blue  copperas,  and 
mtaminated  by  it  flowed  off.  This  arrangement  had  the  effect 
■  keeping  the  upper  fluid  constantly  water  clear,  though  after  a 
hiie  some  copper  was  found  precipitated  upon  the  zinc  cylinder. 
lie  constancy  of  the  cell  was  however  not  perceptibly  impaired. — 
ature^  January  29,  J.  t. 
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16.  Research^  on  Solar  Heat  audita  Absorption  by  the  EofiVi 
Atmosphere:  A  report  of  the  Mount  Whitney  Ex^dition,  pre- 
pared under  the  direction  of  Major-General  W.  B.  Hazen,  CbMf 
Signal  Officer,  by  S.  P.  Langlky,  Director  of  the  Allegheny 
Observatory.     242  pp.  4to,  with  a  map,  twenty-one  platen  and 
wood  cuts.   Washington,  1884,  (Professional  Papers  of  the  Signal 
Service,  No.  XV). — This  volume  contains  a  detailed  account  of 
the  expedition  of  Professor  Langley  to  Mt.  Whitney  in  the  Siem 
Nevada,  in  1881,  and  his  observations  undertaken  in  coDoectioB 
with  it.     The  importance  of  the  results  reached  by  him  as  bearing 
upon  solar  and  terrestrial  physics  can  hardly  be  overestimated, 
and  it  is  well  to  have  the  whole  subject  presented  in  full  in  a  sin- 
gle volume;  some  of  the  leading  conclusions  of  the  expedition  ait 
presented  in  articles  by  Professor  Langley  iu  volumes  xxvii  and 
xxviii  of  this  Journal. 

1 7.  Tables^  Meteorological  and  Physical^  by  Arnold  Gutot, 
Ph.D.,  LL.D.  Fourth  edition,  revised  and  enlarged,  edited  by 
William  Libbey,  Jr.  738  pp.  8vo.  Washington,  1884,  (SmithsoD- 
ian  Miscellaneous  Collections). — An  interval  of  twenty-five  yean 
has  passed  since  the  publication  of  the  last  edition  of  Dr.  Gayot's 
standard  tables.  The  subject  matter  of  the  present  edition  wai 
nearly  finished  at  the  time  of  the  death  of  the  honored  aathor, 
about  a  year  ago,  and  the  final  editorial  work  has  been  well  p<T> 
formed  by  Professor  William  Libby,  Jr.  The  volume  appears 
now  much  enlarged  and  improved  and  fitted  for  even  a  wider 
sphere  of  usefulness  in  the  country  than  it  has  filled  heretofore. 

II.   Geology  and  Mineralogy. 

1.  The  Copper- Bearing  Bocks  of  Lake  Superior ;  by  R.  D. 
Irving — The  editorial  note  on  this  subject  in  this  Journal  for 
January,  1885  (p.  67),  gives  a  comparative  statement  of  the  views 
held  by  myself  and  Professor  N.  II.  Winchell  with  regard  to  the 
Copper-beai-ing  Rocks  of  Lake  Superior,  and  the  adjacent  forma- 
tions. It  is  shown  therein  that  we  are  in  general  accord  as  to  tbe 
mutual  relation  of  these  several  formations,  but  differ  as  to  tbeir 
positions  in  the  general  geological  scale.  While  Professor 
Winchell  would  make  the  Keweenaw  series  equivalent  to  the  New 
York  Potsdam,  and  the  unconformably  overlying  fossiliferons  sand- 
stones newer  than  the  Potsdam,  I,  on  the  other  hand,  would  make 
the  latter  sandstones  Potsdam,  and  the  Keweenaw  series  pre-Pots- 
dam.  My  object  just  now  is  to  call  attention  to  the  paragraph  of 
the  note  referred  to  in  which  it  is  said  that  Professor  Winchell'* 
argument,  in  favor  of  his  position  as  to  the  Potsdam  age  of  the 
Keweenaw  series,  drawn  *'  from  the  fossils  in  the  slates  and  sand- 
stones of  the  St.  Croix  is  indecisive,  as  remarked  by  Profeaaor 
Irving,  since  the  precise  age  of  the  fossils,  whether  Potsdam  or 
later,  is  not  certain.  The  LingulsB  of  the  sandstones  of  Taqoar 
menon  Bay,  found  by  Rominger,  which  led  him  to  refer  those  sand- 
ttones  to  the  Potsdam,  Professor  Winchell  says  make  the  Eewee- 

>w  aeries  Potsdam,  »/*the  rocks  are  equivalents." 
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With  regard  to  the  fossils  of  the  St.  Croix  sandstonefi  it  is  to  be 
noted  that  their  true  Potsdam  age  has  been  maintained  not  only 
by  Hall  but  also  quite  recently  by  Whitfield  (Bulletin  No.  6  of  Am. 
If  as.  Nat.  Hist.,  also  this  Journal  for  Api-il,  1884,  p.  321)  and 
Walcott  (this  Journal,  Dec,  1883,  pp.  439-442);  so  that  we  have 
DOW  the  very  best  of  paleontological  authority  for  this  reference. 
Not  feeling  that  I  possessed  sufficient  familiarity  with  the  fossils  of 
the  Primordial  generally  to  justify  my  criiicismg  WiiicheU's  ref- 
erence of  those  of  the  St.  Croix  sandstone  to  a  higher  horizon 
than  the  Potsdam,  I  was  obliged  in  my  discussion  of  the  geologi- 
cal position  of  the  copper-series  (Copper-Bearing  Rocks  of  Lake 
Saperior,  pp.  442-446)  to  accept  his  statements  as  to  this  point 
for  the  sake  of  the  argument.     But  the  opinions  since  announced 
by  Walcott  and  Whitfield,  who  are  familiar  with  all  the  newer 
paleontological  material  from  the  earlier  Cambrian  horizons,  as 
well  as  with  that  upon  which  Hall  based  his  conclusions  twenty 
or  more  years  since,  seem  to  leave  no  room  for  doubt  as  to  the 
troe  Potsdam  age  of  the  St.  Croix  fossils.     The  unconformable 
position  of  the  Keweenaw  series  beneath  the  St.  Croix  sandstone 
Wing  accepted,  its  pre-Potsdam  age  is  thus  rendered  evident,  as 
I  have  heretofore  maintained,   on   other   than    paleontological 
grounds. 

As  to  the  LingulsB  of  Taqnamenon  Bay,  spoken  of  in  the  above 
qnotation  as  found  by  Rominger,  there  is  evidently  a  misunder- 
standing, since  Rominger  states  distinctly  that  the  Lingula  found 
tt  Taquamenon  River,  was  found  in  a  loose  fragment  of  a  highly 
calcareous  sandstone,  mixed  with  the  drift  pebbles  near  the  shore 
of  Taquamenon  Bay,"  and  that  "the  calcareous  nature  of  this 

specimen  from  Taqnamenon  River points  to"  the  Calcif- 

erous  formation  which  here  overlies  the  Lake  Superior  sandstone 
^Geological  Survey  Mich.,  vol.  i,  Part  III,  p.  80).  He  also  says 
[ttp.  city  p.  81)  that  the  Lake  Superior  sandstones  "  have  frus- 
trated all  my  efforts  to  discover  fossils  in  them  ;"  and  again  (p. 
80)  that  **  there  is  no  record  of  any  instance  in  which  recognizable 
fossils  were  found  in  situ  in  the  Lake  Superior  sandstone."  With 
regard  to  the  sandstones  exposed  on  the  Taquamenon  River  (p. 
84)  he  says,  that  they  are  wholly  siliceous  and  non-calcareous, 
and  that,  therefore,  they  could  not  have  afforded  the  fossil-bear- 
ing, calcareous  fragments  found  loose  on  the  shore  of  the  bay. 
Of  fossils  in  them,  he  could  not  find  a  trace. 

Moreover,  there  is  no  question  with  any  one  except  Winchell, 
so  far  as  I  know,  that  the  Taquamenon  River  sandstones  form 
part  of  t^p  Eastern  sandstone   which  he  speaks  of  as  in  other 

{>lace6  lying  unconformabl y  against  the  Keweenaw  series,  in  which 
atter  position  he  is,  as  I  think,  undoubtedly  correct. 

The  Taquamenon  River  sandstone,  therefore,  affords  no  argu- 
ment against  the  pre-Potsdam  position  of  the  Keweenaw  series. 
The  fossil-bearing  sandstones  of  the  St.  Croix  valley  furnish  good 
reason  for  believing  in  such  a  position. 
ICadiKm,  Wis.,  January  12th,  1885. 
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2.  The  VeHebrata  of  the  Tertiary  Formations  of  the  WetL 
Book  I ;   by  Edwabd  D.  Cope.     1010  pp.   4to,  with  over  100 
plates.     Washington,  1888.     Vol.  Ill  of  the  Reports  of  the  U.  SL 
Geological  Survey,  F.   V.  Haydkn,  G^eologist-inCharge.    Pub- 
lished nnder  the  authority  of  the  Interior  Department. — ^Thii 
ponderous  volume,  by  Professor  Cope,  adds  another  to  the  verjr 
valuable  series  of  quartos  published  as  the  results  of  the  Geologi- 
cal Survey  under  Dr.  Hayden  ;  "  and  the  fourth  volume  which  ii 
to  follow,''  says  Dr.  Hayden  in  his  letter  of  transmittal  dated 
Jan.  1,  1883,  ^'may  be  regarded  as  a  continuation  of  the  preseot 
one,  both  comprising  the  material  in  the  author's  possession  from 
the  Cenozoic  formations  of  the  West."     This  volume  III  coDttini 
the  Eocene  faunse  (Puerco,  Wahsatch  and  Bridger  sections)  **and 
the  Lower  and  Middle  Miocene  (White  River  and  John  D17 
Faunae),  the  Ungulates  excluded ;  leaving  to  volume  lY,  besides 
these  Ungulates,  the  Upper  Miocene  and  Pliocene  Fauns.    The 
report  is  a  i^reat  contribution  to  American  Vertebrate  paleon- 
tology of  high  value.     The  most  important  of  the   results  to 
science,  among  those  of  the  volume,  as  enumerated  by  Profes- 
sor Cope,  are:  discoveries  of  the  Laramie  genus  Vhampsot€nmUy 
and  of  PlagiauladddB  in  Tertiary  beds ;  discoveries  serving  to 
illustrate  five  families  and  many  genera  and  species  of  the  Vrto- 
donta;  the  family  Feriptychidcs  and  its  included  genera;  the 
families    Meniscotheriidce^   and   PhenacodontidcB\   the    suborder 
Co7idylarthra;  the  Pantolamhdidoe^  and  the  suborder  Thligrada, 
and  its  applications  in  phylogeny;  the  Anaptomorphida  of  the 
Prosimiie ;  the  reconstruction  of  Ilyracotherlum  and  Myrachytu; 
numerous  Marsupialia  from    the  Lower  Miocene;    besides  the 
phylogenetic  series  of  the  Cauidaj  and  Felidae.     The  volume  opens 
with  a  brief  geological  review  of  the  Rocky  Mountain  Tertiary 
regions  and  stratigraphy,  and  then  proceeds  to  its  paleontological 
descriptions.      The  numerous  lithographic  plates  are  full  of  ex- 
cellent figures. 

3.  Contributions  to  the  Fossil  Flora  of  the  Western  Territma^ 
Part  III :  The  Cretaceous  and  Tertiary  Flora  :  by  Leo  Lksque- 
REux.  277  pp.  4to,  and  over  60  plates.  Volume  VII  of  the 
quarto  Reports  of  the  U.  S.  Geological  Survey  of  the  Territories, 
F.  V.  Havden,  U.  S.  Geologist-in-Charge. — This  is  a  second  very 
valuable  Report  of  the  Hayden  series  issued  within  the  past  month. 
Mr.  Lesquereux's  previous  volume,  making  volume  VII  of  the 
series  (bearing  the  date  1878)  was  devoted  to  the  Tertiary  flora 
of  the  Rocky  Mountain  region.  The  new  volume  is  occupied 
with  the  ('retaceous,  and  additions  to  the  Tertiary  flora  from  the 
Laramie,  Green  River  and  Miocene  beds.  Besides,  the  author 
F\^^  V^^^*^^^"  ^^  ^'®  former  work  on  the  subject  under  the  new 
1-'^  -^1 T^^^^^^  ^y  "^^»*e  specimens,  and  recent  publications  on  the 
lossil  flora  of  other  authors  and  reQ:ions,  and  tables  showing  the 
distribution  of  all  the  species,  making  this  volume  one  of  special 
^f  4^^*  r.  ^*^<>^a  group,  of  the  Middle  Cretaceous,  the  source 
01  the  l^retaceous  species,  has  had  its  limits  extended  bv  new  dii- 
covenes,  and  now  is  known  to  occur  at  intervals  from  &m8a«  to 
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Colorado,  an  area  450  to  500  miles  wide.    The  learned  author 
vemarks  that  the  fact  of  the  sndden  appearance  of  the  dicotyledons 
in  the  Cretaceous,  and  under  numerons  genera  and  species,  through- 
out the  northern  hemisphere  both  in  America  and  the  eastern  con- 
tinent, is  as  yet  inexplicable.     ''  Nothing  in  the  preceding  strata," 
be  observes,  '^  indicates  the  decadence  of  the  reign  of  gymnonper- 
■Mms  plants,  or  shows  any  kind  of  difference  which  could  lead  one 
to  presage  the  appearance  of  the  dicotyledons."    This  vegetation 
has  been  traced  from  Greenland  to  Vancouver  Island  and  along 
the  Rocky  Mountain  region  through  Canada,  to  Colorado  and 
,   Kansas,  and  in  Europe  to  Germany,  in  about  40°  north  latitude. 
The  printing  of  this  Report  has  been  delayed  much  since  its 
oompletion.    The  volume  lias  been  distributed  during  the  month 
past.    The  title  page  bears  the  date  1 888. 
Lesquereux  states  that  the  species  of  the  Dakota  group,  now 
'  erer  150  in  number,  include  only  one  conifer  and  one  dicoty- 
ledon (Populus primoBva)  of  the  species  described  by.  Heer  from 
the  beds  of  Kome,  Greenland,  which  this  author  refers  to  the 
Lower  Cretaceous,  but  four  conifers  and  eleven  dicotyledons  of 
'     those  from  the  later  beds  of  Atane,  Greenland,  the  latter  belong- 
)    ine  to  the  genera  Pinus,  Sequoia^  Winfddiay  Platanus  (P.  Heerii) 
J^&iM,  SaMofraSy   Diospyroa^  Andromeda^    CUsiteSy   Magnolia^ 
Liriodendron  and  Sapindus, 

4.  Reports  of  the  l^enth  Census  on  Petroleum^  Coke  and  BuUd- 
mgSt09ies.  About  900  pages  4to,  with  numerous  plates.  Census 
office,  Chablbs  W.  Seaton,  Superintendent.  Washington,  1884. 
—The  reports  included  in  this  volume  are:  on  the  Production, 
Technology  and  uses  of  Petroleum  and  its  products,  by  S.  F. 
Pickhah;  The  Manufacture  of  Coke,  by  Joseph  D.  Weeks; 
Boilding  Stones  of  the  United  States  and  Statistics  of  the  Quarry 
bdastry  for  1 880.  The  third  report  was  originally  in  the  hands 
of  Dr.  George  W.  Hawes ;  after  his  lamented  decease,  the  work 
was  continued  by  others  and  brought  to  completion  under  the 
lopervision  of  Mr.  Henry  Gannett.  All  three  reports  are  full  of 
biormation  of  practical  and  scientific  value  on  the  topics  of  which 
they  treat.  The  Report  on  Petroleum  enters  fully  into  the  history 
of  tbe  industry  in  this  and  other  countries;  illustrates  the  distri- 
botion  in  this  country  by  various  maps  and  detailed  descriptions, 
geological  as  well  as  topographical,  treats  of  the  technology  and 
lUtistics  of  the  subject,  and  all  matter  connected  with  the  use  of 

Gtroleura  and  its  products ;  and  closes  with  a  long  Bibliography. 
le  subjects  of  Coke  and  Building  Stones  are  presented  with 
like  thoroughness.  The  latter  report  contains  an  important 
diapter  by  Dr.  A.  A.  Julien,  on  the  subject  of  "  The  Durability 
of  Building  Stones  in  New  York  City  and  vicinity,"  which  has  a 
wide  bearing  in  its  facts  and  explanations. 

The  volume  closes  with  a  series  of  chromo-lithographs  (from 
tbe  establishment  of  Bien  &  Co.)  representing  various  polished 
marbles,  granites  and  other  rocks,  which  are  admirable ;  a  volume 
of  80ch  plates,  if  as  faithfully  prepared,  would  be  of  great  value 
to  tbe  Ornamental  Stone  industry. 
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6.  "  Les  Faciea  Geologiques^^ ;  by  Professor  E.  Rsnstisb  (Arch. 
Sci.  Phys.  et  Nat.  Geneva,  Oct.,  1884).— By  "facies*'  Professor 
Renevier  means  a  sedimentary  formaiion  that  was  made  under 
special  conditions  of  origin.     This  condition  may  be  expressed  io 
both  the  mineral,  stratigraphical  and  paloontological  features,  sod 
in  whatever  indicates  whether  a  stratum  or  formation  is  marine, 
aerial  or  fresh-water  in  origin;  if  marine,  whether  of  deep  sea  or 
shallow  sea  origin,  sea-shore  or  off-coast;  of  open  shore,  bay  or 
river-mouth  origin;  of  exposed  coasts  or  sheltered  coasts;  if  of 
terrestrial  origin,  whether  of  ordinary  fluvial,  or  extraordinary; 
of  open  lakes  or  of  marshes ;   of  salt-lakes,  or  brines,  or  fresh- 
water ;  of  hot  water  or  not ;  and  so  on.    The  author  obsenrei 
that  in  geological  investigations,  these  points  and  others  bearing 
on  the  object  in  view  should  be  carefully  considered.     He  gives 
reasons  for  the  conclusion  that  the  ^'flysch'^  of  the  Eocene  is 
littoral  in  origin,  and  pronounces  the  flysch  a  ^^  facies  littoral.*' 
Under  "formations  suoa^riennes "  he  describes  four  facies, the 
Crenogen  f<xcieSf  resulting  from  mineral  deposition  like  the  geyser 
deposits :    Ossiferous  facies,  surface  accumulations  of  bones,  or 
bone-breccias ;    the  erratic  or  glacier  facies  /   the  dw\e  faiCML 
Other  facies  are  recognized  under  other  general  conditions.    The 
same  geological  formation  will  usually  be  of  one  facies  in  one 
place,  and  a  different  in  another,  and  only  the  narrower  sobdivis- 
lons  will  ordinatcly  be  throughout  of  one  facies. 

6.  Floods  in  tfie  Ohio  River. — A  valuable  paper  on  this  snbjeet 
by  Mr.  Walter  A.  Dun,  is  published  in  the  Journal  of  the 
Cincinnati  Society  of  Natural  History,  vol.  vii.  No.  3,  1884.  He 
sustains  the  view  that  forests  have  little  influence  over  the  height 
of  the  floods. 

7.  Original  Researches  in  Mineralogy  and  Chemistri/;  hy  3. 
Lawrence  Smith,  Membre  Correspondant  de  Plnstitut  de  France^ 
etc.     Edited  by  J.  B.  Mabvin,  B.S.,  M.D.     xl  and  630  pp.  8vo. 
Printed  for  presentation  only. — Twelve  years  have  passed  since 
a  volume  of  the  collected  papers  of  Dr.  J.  Lawrence  Smith  was 
published.     The  volume  now  issued  contains  besides  the  papers 
m  the  former  volume,  the  various  important  memoirs  later  pu'l>- 
lishcd  by  him — his  scientific  activity  ceasing  only  within  a  fevr 
months  of  his  death.     The  volume  opens  with  a  biographical 
sketch  prepared  by  Dr.  Marvin  at  the  request  of  the  American 
Academy  of  Arts  and  Sciences ;  a  memorial  sketch  by  Dr.  Miiv 
DLKTON  Michel,  of  Charleston,  South  Carolina,  where  Dr.  Smith 
was  long  Professor  of  Chemistry ;  and  a  sketch  of  his  life  and 
scientific  work  by  B.  Silliman,  written  for  the  National  Acadenny 
of  Sciences.     It  closes  with  a  list  of  his  published   papers  and 
notes,  nurabenng  in  all  one  hundred  and  forty-five.     The  frontis- 
piece is  a  faithful  likeness  of  Dr.  Smith,  taken  from  that  prepared 
for  the  J.  Lawrence  Smith  gold  medal  of  the  National  Acad- 
emy, to  which  Professor  Silliman  alludes  as  follows  in  the  closing 
paragraph  of  his  just   and   highly  appreciative  address:   "  We 
rejoice  that  though  dead  he  yet  lives,  and  that  the  work  he  loved 


Geology  cund  Mineralogy.  268 

lo  well  will  be  perpetuated,  nnder  the  auspices  of  the  Academy^ 
t>j  a  noble  endowment  bestowed  in  memortam  by  his  devolcd 
mfe.***  The  record  of  his  researches  and  discoveries  in  the  new 
folome  will  farther  make  his  energy  a  lasting  source  of  progress 
to  science. 

8.  Fourth  Annual  Report  of  the  State  Mineralogist  of  Cali- 
fornia^ for  the  year  ending  May  1/5,  1884.     410  pp.  8vo.  Sacra^ 
mento,  1884. — Mr.  Hbnrt  G.  Hanks,  the  State  mineralogist,  has 
presented  to  the  State  of  California,  and  to  the  mineralogical 
pablic,  another  large  and  valuable  volume.     It  contains  besides 
the  report  special,  a  chapter  on  the  agricultural,  commercial  and 
maDufactniing  resources  of  the  State,  and  a  third  giving  a  cata- 
logue and  description  of  the  minerals  of  California,  with  special 
reference  to  those  having  an  economic    value.      This  catalogue 
extends  to  nearly  350  pages  and  describes  161  species,  alphabeti- 
cally arranged.     The  metals  and  mineral  coal  are  mentioned  in 
most  detail.     The  volume  opens  with  two  excellent  lithographs 
representing  the  San  Bernardino  meteoric  iron. 

9.  Minerals  from  Middletown^  Conn.^  by  W.  N.  Rice,  (com- 
mQnicated  in  a  letter  to  Prof.  G.  J.  Brush,  dated  Jan.  17). — The 
following  additional  finds  of  minerals  in  this  vicinity  may  be 
worthy  of  notice : — Monazite^  at  Hale's  quarry,  in  northern  part 
of  Portland.  A  few  of  the  crystals  are  of  considerable  size,  the 
largest  exceeding  two  centimeters  in  length.  All  the  crystals 
show  the  planes  w,  7,  \-i\  some  of  them  show  also  1,  1-i,  2-i. 
Crystals  are  of  dull  brownish  red  color  and  feeble  luster.  Hya- 
liUj  at  same  locality.  The  mineral  fills  cracks  and  lines  cavities 
in  the  granite.  It  is  stained  by  some  impurity  so  as  to  show  a 
delicate  apple-green  color.  Bismutite^  at  Pelton's  quarry,  in 
eastern  part  of  Portland.  The  two  minerals  arc  intimately  mixed 
together,  forming  lumps  of  grayish  green  color.  Microsco))ic 
examination  serves  to  distinguish  in  the  mass  the  white  pai*ti- 
desof  cerussite  effervescing  with  nitric  acid,  from  the  green  non- 
effervescent  particles  of  pyromorphite. 

These  minerals,  with  the  three  previously  noticed — samarskite, 
riiodonite,  Torbernite, — make  a  considerable  addition  to  the 
already  long  list  of  minerals  observed  in  our  granite  veinstone. 

10.  Chrysoberyl  in  Maine. — Mr.  N.  H.  Perry,  of  South  Paris, 
Maine,  states  that  he  has  found  chrysoberyl  at  Stoneham,  also  at 
CantOD,  Peru,  Norway  and  Stow,  but  thus  far  not  in  fine  speci- 
mens. Some  of  the  small  dark  colored  crystals  in  the  fibrolite  at 
Stoneham  are  however  quite  perfect  in  form.  The  small  crystals 
oocor  at  Canton  and  Stow  with  large  coarse  crystals. 

♦  See  this  Journal,  III,  xxviii,  77,  1884, 
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III.  Botany  and  Zoology. 

I.  Report  on  the  Forests  of  North  America;  by  Charles  8. 
Sargknt,  Arnold  Professor  of  Arboricultare  in  Harvard  College 
Vol.  ix  of  the  Report  of  the  Tenth  U.  S.  Census.  WasbiDgtoo, 
1884.     pp.  612,  4to,   with  39  maps  in  quarto;  also  an  Atlas  of 
16  elephant  folio  maps,  illustrating  distribution  and  character  of 
forests. — A  great  work  faithfully  done.     There  are  Brst  a  dozen 
pages  of  general  remarks  on  the  forests  of  the  country  as  to  dis- 
tribution, touching  upon  its  relation  to  rainfall,  the  distribution  of 
the  genera  and  of  the  species.     This  is  followed  by  220  pa^es  (t 
full  index  included)  of  what  is  called  a  Catalogue  of  the  Forest 
Trees  of  North  America  (exclusive  of  Mexico)  with  remarks  upon 
their  Synonymy,  Bibliographical  History,  Economic  Value,  and 
Uses.     The  Catstlogue  is  of  course  complete  and  is  systematictilj 
arranged  under  the  orders  and  genera;  the  bibliography  really 
seems  to  be  exhaustive,  and  the  synonymy  nearly  so.     The  popolar 
names  follow,  in  a  separate  line  and  type.     The  geographical  range 
is  then  given,  occasionally  with  citation  of  authorities.    Then  toe 
height  of  the  tree  and  diameter  of  its  trunk,  in  a  general  way. 
f'inally  the  character  of  the  wood  is  specified,  including  its  specific 
gravity  and  the  amount  of  ash. 

Part  II,  The  Woods  of  the  United  States,  fills  over  250  pages 
with  the  results  of  investigations  (by  Mr.  Sharpies^  upon  the 
qualities  of  the  wood  of  the  different  trees,  the  specific  gravity 
and  ash,  the  fuel  value,  strength  both  tensile  and  under  compres- 
sion, etc.,  largely  in  the  form  of  tables.  A  double  quarto  map 
exhibits  the  character  of  the  fuel  used  in  different  parts  of  the  set- 
tled country;  anotrher,  with  accompanying  tables,  illustrates  ihc 
section  on  forest  fires  and  makes  their  enormousness  (we  might 
write  it  enormity)  manifest  by  showing  what  has  occarred 
during  the  census  year. 

Part  nr  takes  up  The  Forests  of  the  United  States  in  their 
Economic  Aspects,  tabulates  the  lumber  industry,  illustrates  de 
scriptively  and  by  colored  maps  the  density  and  the  character  of 
the  forests  now  standing  in  every  State  and  Territory.  The  huge 
folio  maps  ilhistrate  some  of  the  data  upon  a  larger  scale  than  the 
more  convenient  ones  intercalated  in  the  letter-press.  One  of  them 
shows  the  position  of  the  forest,  prairie,  and  treeless  regions  of 
the  continent ;  another,  the  natural  divisions  of  the  forests;  a 
dozen  others  are  devoted  to  distribution  of  particular  species  of 
trees,  being  those  of  greatest  economical  value ;  and  the  last  exhib- 
its the  relative  average  density  of  existing  forests.  The  general 
index  fills  thirty  pages,  that  of  the  Catalogue  of  the  species  and 
their  synonyms,  twenty  more. 

Evidently  no  labor  nor  ])ains  have  been  spared.  Considering 
the  elaborate  way  in  which  the  synonymy  and  the  bibliography 
have  been  given,  one  must  wish  that  a  certain  amount  of  popular 
botanical  description  had  been  added,  either  under  each  species 
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in  synoptical  characters  under  each  genus.  This,  we  know,  it 
intended  to  supply  in  another  work,  a  popular  Sylva,  but  the 
al  absence  of  such  matter  here  is  conspicuous.  Moreover,  while 
2  wood  is  characterized,  the  bark  is  unnoticed.  The  latter  is 
;en  more  characteristic  than  the  wood,  is  more  obvious,  and  is 
t  rarely  of  equal  or  greater  economical  importance.  The  same 
ij  be  said  of  the  fruits.  If  as  respects  the  botanical  part,  we 
ve  not  the  complete  superstructure,  we  have  a  good  foundation. 

A.    6. 

2.  Macoun^s  CcUcUogtie  of  Canadian  Plants;  Part  II.  Qamo- 
UjlUb.  Issued  by  the  Geological  and  Natural  History  Survey  of 
inada,  A.  R.  C.  Selwtn,  LL.D.,  F.R.S,  etc.,  Director,  Montreal; 
iwson  Brothei-s,  1884,  pp.  193-304,  8vo. — Professor  John 
icoun,  the  indefatigable  Botanist  of  the  Canada  Survey,  brought 
t  the  PolypetakB  of  this  elaborate  Catalogue  early  in  the  year 
83,  in  192  pages,  and  now  at  the  close  of  1884  he  adds  the 
amopetakB.  Canada  must  here  be  understood  in  its  extended 
nse  of  the  whole  British  Dominion  in  North  Amenca,  and  even 
laska  is  included,  scientific  prevailing  over  political  considera- 
>DB.  Geographical  ranges  and  stations  are  given  with  fullness 
id  critical  particularity.  A  little  longer  delay  in  the  printing  of 
le  Composil8B  would  have  secured  more  uniformity  in  the 
)meDclature  with  that  of  the  Synoptical  Flora  of  North  America. 

was  a  long  stretch  to  bring  in  Arnica  SachdHnensiSy  Sachalin 
;land  being  indeed  very  far  ^'  off  the  coast  of  Alaska.''  Perhaps 
le  present  writer  may  be  somewhat  to  blame  for  this,  by  not 
Ating  where  the  Sachalin  or  Saghalin,  or  Sagalin,  is  situated 
hen  he  characterized  that  species.  Professor  Macoun  may  be 
site  right  in  the  opinion  that  Andromeda  ligustrina  has  been 
■edited  to  Canada  only  through  the  unreliability  of  Pursh  and  the 
iscoDception  of  later  botanists.  But,  as  Carey  and  Washburn 
ive  collected  it  in  Vermont,  and  as  Oakes  certified  that  Rob- 
08  found  it  as  far  north  as  Gardiner,  Maine,  it  may  well  have 
ached  the  Canada  line. 

Id  respect  to  the  extension  of  this  name,  Canada,  which  has 
»  ioDg  had  a  definite  meaning  restricted  to  the  two  provinces, 
pper  and  Lower,  it  seems  to  us  as  wrong  as  it  is  confusing  to 
Ltend  it  across  the  continent  and  include  in  it  British  Columbia, 
etter  make  a  new  name  if  one  is  wanted,  for  the  British  Posses- 
0D8  in  North  America.  a.  g. 

3.  Hi$toire  des  Sciences  et  des  Savants  depuis  deux  Si^les^ 
'icedie  et  suivie  d*  atUres  etudes  sur  Us  sujets  scientifiques^  en 
irticulier  sur  VHeredite  et  la  Selection  dans  PEsphce  Uumaine; 
ir  Alphonsb  db  Candollb,  Associ6  Stranger  de  P Academic  des 
n'ences  de  Paris,  etc.,  etc. — This  is  a  second  edition,  much  en- 
rged  and  in  some  particulars  changed  from  the  first,  which  was 
iblished  twelve  years  ago.  It  bears  the  date  of  1885,  but  was 
ued  toward  the  close  of  the  preceding  year.  It  discusses  so 
iny  topics,  and  some  of  them  with  such  particularity  that  a  re- 
)w,  or  even  a  full  notice  of  the  contents,  of  this  stout  octavo  of 
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600  pages,  will  not  be  expected  of  us.     Some  idea  of  the  varied 
interest  of  the  volume  may  be  gathered  from  our  Rtatement  that^ 
after  three  brief  essays  on  the  observation,  first  of  material  aod 
then  of  social  facts,  and  upon  the  best  way  to  study  statistics,  we 
have  a  very  full  discussion  upon  the  part  which  heredity,  varia- 
bility, and  selection  play  in  the  development  of  the  human  spe- 
cies.    At   its  close   the   author  enquires   whether  the  frequent 
tendency  of  civilized  men  lo  return  toward  barbarism  is  a  matter 
of  direct  heredity  or  of  atavism,  and  whether  it  is  probable  that 
civilization  will  some  time  completely  perish  off  the  earth.    AfW 
this  startling  suggestion  the  author  speculates  scientifically  opon 
the  probable  future  of  the  human  species. 

The  next  essay,  reprinted  from  the  first  edition  with  some 
changes,  explains  upon  the  principles  of  natural  selection  whj 
contagious  and  epidemic  diseases  are  more  fatal  at  their  fint 
appearance  among  a  people  than  afterwards,  and  how  it  is  thtt 
vaccination  may  after  long  use  come  to  be  less  protective  than  at 
first. 

Then  comes  the  article  which  gives  its  title  to  the  volume,  and 
fills  more  than  half  of  it.  It  is  an  analysis  of  the  lists  of  foreign 
members  of  the  Institute  of  France,  the  Royal  Society  of  London, 
and  the  Academy  of  Sciences  at  Berlin,  lor  two  centuries,  and 
a  discussion  of  the  data  in  reference  to  the  institutions  of  the 
countries  and  the  races  which  furnished  the  savants,  the  inflnenoe 
of  heredity,  language,  climate,  etc.,  etc.,  and  ending  with  ded^^ 
tions  as  to  the  causes  and  conditions  which  seem  most  to  favor  the 
development  of  the  sciences,  as  well  the  moral,  social,  and  histori- 
cal as  the  mathematical,  physical,  and  natural. 

This  is  followed  by  the  essay  (which  excited  considerable  at- 
tention on  its  appearance  in  the  first  edition),  upon  the  advantage 
for  science  cf  a  dominant  language,  and  the  expression  of  a  well- 
reasoned  opinion  that  the  English  language  will  be,  and  deserves 
to  be,  the  dominant  language  of  the  twentieth  century.  In 
view  of  which  the  author  alludes  to  the  serious  infirmity  of  our  lan- 
guage, iis  loose  and  lawless  orthography  and  pronunciation.  There 
is  also  a  short  article  on  the  different  senses  of  the  word  Nature,  and 
consequently  of  the  words  natural  and  supernatural,  which  does  not 
go  very  deeply  into  the  subject ;  and  a  new  one  upon  transforma- 
tions of  movement  in  organized  beings,  plastic  movements,  vitality, 
etc.  We  notice  that,  although  the  author  has  no  faith  in  the 
growing  of  mummy-wheat  and  the  like,  he  thinks  that  the  preserva- 
tion of  the  vitality  of  a  seed  for  two  or  three  thousand  years  is  not 
in  itself  improbable  I  a.  g. 

4.  Jahrbuch  des  KOniglicJien  botanuchen  Gartens  und des  hot- 
anischen  Museums  zu  Berlin  /  herausg.  Dr.  A.  W.  Eiculer,  etc 
Band  III.  1884. — The  third  volume  of  this  new  annual,  an  8vo. 
of  350  pages  and  with  eight  plates,  thus  promptly  appears  at  the 
close  of  the  year  1884,  under  the  Director  editorship,  withtheco- 
dperation  of  Dr.  Garcke,  Curator  of  the  Museum,  and  Dr.  Urban, 
Curator  of  the  Gardens.     The  principal  editor  begins  the  volame 
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i  brief^accoant  of  the  operations  of  the  establishments  nnder  his 
'ge.  G.  Volkens  has  a  long  article  on  the  relations  between 
habit  and  anatomical  stractnre  in  the  organs  of  vegetation  of 
lis.  F.  Johow  discourses  upon  the  biology  of  floral  and  extra- 
il  show- apparatus,  i.  e.  the  colored  parts  of  or  near  flowers. 
!x>ew  fills  a  large  part  of  the  volume  with  his  observations  upon 
ct-visitation  ot  blossoms  of  plants  in  the  open  ground  of  the 
anic  Garden  at  Berlin.  K.  Schumann  investigates  the  ety- 
ogy  of  the  names  and  the  history  of  Cloves  ;  also  the  terato- 
f  of  Gagea  pratensis.  M.  FUnfsttlck  has  an  illustrated  paper  on 
development  of  Lichenes.  Th.  Wenzig  gives  a  new  synopsis 
V.mericaii  Oaks.  W.  Schwacke  writes  upon  the  Curare  arrow- 
son  of  the  Tecuna  Indians,  and  gives  a  sketch  of  the  flora  of 
nioa  in  Brazil.  I.  Urban  brings  to<xether  some  Miscellanea 
m  plants  of  the  Berlin  garden.  K.  JPrantl  ^ivos  a  systematic 
angeroont  and  notes  upon  the  geographical  distribution  of  the 

hi0gl08S€CB.  A.    6. 

».  Origin  of  CidtivcUed  Plants.  By  Alphonse  db  Candolle. 
w  York,  D.  Appleton  &  Co.  1886.  pp.  468,  12mo,  (The  Inter- 
ional  Scientific  Series,  vol.  xlviii). — We  gave  an  elaborate 
lew  of  this  interesting  volnme  in  this  Journal,  upon  the  first 
|)earance  of  the  original  French  edition,  three  years  ago.  Its 
issue  now  in  English,  we  are  glad  to  know,  will  assure  to  it  a 
iler  circulation.  The  translator's  name  is  not  given  ;  but  he  ap- 
ars  to  have  done  his  work  well.  In  two  or  three  paragraphs  at 
}  proper  places  the  author  refers  to  "  the  learned  articles  "  in 
r  pages.  The  erudition  was  supplied  by  Mr.  Trumbull,  whose 
)res  of  information  respecting  aboriginal  cultivations  in  Amenca 
tgbould  be  glad  to  draw  upon  more  largely.  a.  g. 

6.  Abnormal  and  pathologic  forms  of  fresh-water  shells  from, 
J  vicinity/  of  Albany^  New  York^  with  two  plates ;  by  C.  E. 
EBCHKB  (36ih  Kep.  N.  Y.  State  Mus.  Nat.  Hisi.). — The  abnoi^ 
il  forms  which  Mr.  Beecher  describes  includes  unusually  ex- 
nded  apertures  in  Physa  anciUata  Say  and  Planorbis  exacutus 
y,  a  heterospiral  growth  of  the  shell  in  OiUia  aUilis  Lea,  the 
ell  having  the  first  three  volutions  normal,  and  the  spiral  re- 
reed  for  the  last  volution ;  a  carination  of  the  volutions  and 
rrowing  of  the  upper  part  of  the  aperture  in  iSomatoggrus  sub- 
ihosus  Say ;  the  last  two  volutions  free  in  Valvata  tricarinata 
y;  a  sinistral  form  in  Planorbis  exacutus  Say;  and  abnormal 
rms  also  in  several  Unios. 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  Memoirs  of  the  National  Academy  of  Sciences^  vol.  II.  262 
).  4to,  with  several  plates.  Washington,  1884. — This  second 
>lanie  of  the  Memoirs  of  the  National  Academy  of  Sciences 
cently  issued,  contains  the  following  important  papers  :  1,  Report 
the  Eclipse  Expedition  to  Caroline  Island,  May,  1883;  2, 
Kperimental  determination  of  wave-lengths  in  the  invisible  pria- 
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matic  spectrura,  by  Prof.  S.  P.  Langley  ;  3,  On  the  subsidenoeof 
particles  in  liquid,  by  Prof.  W.  H.  Brewer ;  4,  On  the  formation 
of  a  deaf  variety  of  the  human  race,  by  A.  Graham  Bell. 

2.  The  Watts  Fund, — The  Committee  having  in  charge  tbe 
raising  of  a  fund  for  the  family  of  the  late  Mr.  Henry  natti 
(seepage  172  of  the  last  number),  announce  that  nearly  £1500 
nave  already  been  contributed  in  England;  American  cbemiaU 
will  doubtless  be  prompted  to  do  their  share  in  aiding  thitgood 
work. 

TVansactiona  of  the  Vassar  Brothers  Instiiuit^  and  its  SdmHfic  Sedknu  Pm^ 
keepsie.  N".  T.  Vol.  ii.  1883-1884. — Among^  the  papers  id  thU  viiliuM  iImbi 
are  the  followinp::  a  notice  of  a  bed  of  hematite  in  connectioii  witli  Lower  HcUmw 
berg  limestone  ai  (^old  Hill  (a  secondary  product).  Id  Cornwall,  Onage  Coua^, 
New  York,  by  Professor  W.  B.  D wight:  notes  on  the  Carcharodon eardMrn, 
with  Hgiires,  by  Dr.  W.  G  Stevenson :  on  unlformiiy  in  dimate  in  past  gcoIogM 
ages,  by  C.  B.  Warring;  on  evidence  of  intelligence  in  butterflies,  bj  J.  M.  Dl»* 
Gkirmo ;  on  paleontological  discoveries  near  Poughkeepsie,  bj  W.  B.  Dw^glrt 

OBITUABY. 

Alfred  Tylob,  Esq.,  of  Carshalton,  County  Surrey,  Bnffk&d, 
died  on  the  31st  of  December,  in  his  sixty-first  year.  Mr.Tylor 
was  an  active  geologist,  member  of  the  Geological  Society  of 
London.  Recontributed  a  number  of  memoirs  as  the  refloltof 
much  research,  to  the  Society  winch  are  published  in  its  Memoin. 
The  subject  to  which  he  was  especially  devoted  was  thtt  of 
fluvial  action,  or  river  deposits  and  the  conditions  of  their  forma- 
tion. On  account  of  the  great  extent  of  the  river  terraces  in  tbe 
era  following  the  glacial,  and  the  excessive  rains  during  the  era 
which  the  terraces  were  believed  by  him  to  indicate,  he  named  ] 
the  era  previously  called  in  America,  the  Champlain  period,  the 
Pluvial  period.  Mr.  Tylor  was  at  the  Montreal  meeting  of  the 
British  Association,  and  afterward  visited  various  places  in  this 
country.  He  was  a  very  genial  man,  overflowing  with  interest 
in  his  geological  work,  and  also  abounding  in  information  on 
other  subjects.     He  was  a  member  of  the  Society  of  Friends. 

Robert  Alfred  Cloynk  Godwin- Austen,  eminent  among  the 
older  geologists  of  England,  died  on  the  25th  of  November  last, 
age  76. 

Mr.  Austen's  papers  are  numerous  and  have  had  great  effect  on 
the  progress  of  British  and  general  geology.  He  was  elected  a 
Fellow  of  the  Geological  Society  in  1 830,  and  a  Fellow  of  the 
Royal  Society  in  1849,  and  received  from  the  Geological  Society 
the  Wollaston  Medal  in  1862.  A  review  of  his  life  and  a  list  of 
his  published  geological  works  and  papers  is  contained  in  the 
Geological  Magazine  for  January  last. 
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..RT.  XXXV. — On  the  use  of  Carbon  bisulphide  in  prisms; 
being  an  account  of  Experimettts  trade  by  the  late  Dr.  Hsnkt 
Draper  of  New  York.* 

« 

The  photographs  which  were  taken  in  the  research  on  the 
presence  of  oxygen  in  the  sun,  in  the  earlier  as  well  as  in  the 
Bter  series  of  experiments,f  were  obtained  by  the  use  of  two 
ftollow  prisms  iSlled  with  carbon  bisulphide.  These  prisms 
•ere  loaned  for  this  purpose  by  Mr.  Rutherford,  having  been 
nade  by  him  for  proaucing  his  celebrated  solar  prismatic  spt-c- 
srnm.^  The  photographic  work  for  the  oxygen  research  was 
lone  in  New  York  in  a  back  room  of  the  third  story  of  Dr. 
Draper's  residence.  The  temperature  of  this  room  proved  to 
be  remarkably  uniform,  the  quality  of  the  photographs  and 
g^)ecially  the  sharpness  of  definition,  being  all  that  could  be 
j^ired.  When  however  the  preliminary  experiments  required 
5)r  the  continuation  and  extension  of  this  research  were  under- 
aken  in  the  new  physical  laboratory  (which  Dr.  Draper  had 

*  Tbe  results  which  were  obtained  by  Dr.  Draper  in  his  investlgatioDS  on  the 
Hue  of  tbe  difficulties  encountered  in  the  use  of  carbon  bisulphide  in  prisms 
lemed  so  valuable  and  so  likely  to  be  of  service  to  others  engaged  in 
holographing  the  prismatic  spectrum,  that  at  the  suggestion  of  several  of  liis 
iientific  friends  it  was  decided  to  publish  them.  At  the  request  of  Mrs.  Draper, 
lerefore,  and  with  her  kind  assistance,  I  have  collected  from  Dr.  Draper's  copious 
vtee  the  facts  in  relation  to  his  experiments  which  are  detailed  in  the  following 
iges  ;  and  have  also  made  some  supplementary  measuremeDts  to  test  the 
Bcieucy  of  the  apparatus.— Gbobob  F.  Babkeb. 

4  This  Journal.  TIT,  xiv,  89,  Aug.  1877;  xviii  262,  Oct.  1879. 

i  This  Journal,  II.  xxxv,  407.  May,  1863 ;  xxxix,  129,  March,  1865. 

Am.  JouB.  Sci.— TuiBD  Sebies,  Vol.  XXIX,  No.  172,  Apbil,  1885. 
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built  above  bis  stable  iu  the  rear  of  his  house  and  which  w: 
completed  in  1880)  it  was  found  practically  impossible  to  ui 
carbon  bisulphide  prisms  in  this  room  owing  to  the  rapid  vai 
ations  of  the  temperature  there.  No  definition  whatever  coal 
be  obtained  with  the  same  prisms  which  had  performed  so  wc 
in  the  main  house.  In  consequence,  the  use  of  these  prisin 
had  to  be  abandoned  and  a  series  of  experiments  was  made  t 
obtain  the  spectrum  by  other  means.  First  a  Rutherfurd  si 
vered  glass  grating  of  8,640  lines  to  the  inch  was  employei 
and  subsequently  a  train  of  six  flint  glass  prisms  made  b; 
Stein heil  and  loaned  by  Mr.  Rutherfurd.  With  reference  t 
these  experiments,  Dr.  Draper  says :  "The  exposures  reqaire< 
when  using  the  silvered  grating  were  so  long  that  experimenta 
tion  was  very  teious ;  but  when  in  addition,  the  definitioi 
did  not  equal  that  of  the  two  bisulphide  prisms  formerly  used 
a  change  became  necessary.  If  we  could  overcome  the  effec 
of  temperature  on  bisulphide  it  would  doubtless  serve  our  poi 

{>ose  best,  because  it  is  more  transparent,  less  colored  and  lose 
ess  light  by  reflection  than  glass  prisms  since  there  are  onlj 
two  prisms  needed  to  do  the  work  of  four  Sints.  But  the  in 
stability  of  a  bisulphide  train  is  so  marked  in  the  new  labora 
tory  on  account  of  the  fluctuations  of  temperatore,  that  we  hav( 
not  been  able  to  depend  upon  it.  Possibly  if  the  prisms  were 
enclosed  in  cotton  batting  or  immersed  in  water  these  difficul 
ties  might  be  overcome." 

With  the  fiint  prisms,  the  definition  of  the  sun  spectrum  wai 
excellent,  but  it  was  found  impossible  to  get  the  line  H  on  th€ 
photographic  plate,  through  the  train.  The  silvered  glaa 
grating  permitted  the  spectrum  from  Pto  a  longdistance abo?e 
H  to  be  obtained  at  one  exposure  on  an  eight-inch  plate;  bul 
the  definition  given  by  it  on  the  sun  spectrum  was  inferior  to 
that  obtained  with  the  prisms.  The  definition  of  the  flint  train 
however,  good  as  it  was,  only  equaled  and  did  not  sarpaa 
that  of  the  bisulphide  prisms  used  in  the  oxygen  research; 
*'  the  rippled  line  below  G  is  as  well  defined*'  Dr.  Draper  saja, 
**as  I  have  ever  seen  it  with  the  two  bisulphide  prisms."  On 
the  spectrum  of  the  carbon  arc,  the  dispersion  given  by  the 
train  between  G  and  H  was  double  that  given  by  the  silvered 
grating  in  the  spectrum  of  the  first  order :  while  that  given  bj 
"the  two  bisulphide  prisms  between  G  and  H  is  slighil] 
greater  than  that  of  the  six  flint  prisms."  Moreover,  while  tb< 
definition  on  the  lines  of  the  sun  spectrum  was  best  with  tb 
flint  prisma,  that  on  the  spark  spectrum  lines  was  best  with  th 
grating.  These  experiments  extended  through  nearly  tw 
years,  from  March,  1880,  until  early  in  the  winter  of  1881-2. 
Among  the  earliest  experiments  which  were  undertaken  i 
the  new  laboratory  was  a  series  made  to  test  the  performan( 
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isulphide  prism  of  Thollon's  construction*  made  by 
of  London,  and  obtained  from  him  by  Dr.  Draper  when 
ape  early  in  1879.     This  prism  consists  of  a  glass  bottle 

two  plane  sides  making  an  angle  of  90^  with  one 
r,  upon  which  are  cemented  two  prisms  of  flint  glass 
r  two  inches  on  the  face,  having  each   a  refracting  angle 

The  refracting  edges  of  these  glass  prisms  are  opposed 
of  the  bisulphide  prism.  Hence  the  refracting  angle  of 
npound  prism  is  54*.  The  same  difficulties  were  expe- 
.  with  this  prism  as  with  the  Butherfurd   bisulphide 

Owing  to  the  temperature- variations,  the  spectrum 
ere  "  wooly"  and  no  definition  was  possible.  Dr.  Draper 
"The  bisulphide  prism  touched  with  the  finger  or 
jd  on  loses  all  definition  at  once."  It  was  found  how- 
lat  the  dispersive  power  of  the  Thollon  prism  was  equal 
of  about  four  of  the  Steinheil  flint  prisms;  and  this 
►ffether  with  the  unsatisfactory  character  of  the  results 
jQ  with  the  train  of  prisms  as  well  as  with  the  grating, 
Draper  to  undertake  an  investigation  into  the  causes  of 
steadiness  of  the  bisulphide,  with  a  view  to  remedying  it 
.icable. 

same  difficulty  has  been  encountered  by  all  experiment- 
>  have  endeavored  to  use  bisulphide  prisms.  Mr.  Buth- 
himself  found  it  to  be  very  serious  and  M.  Thollon  says 
)risms  must  be  protected  carefully  from  temperature- 
Dns.  It  was  while  using  these  prisms  that  Mr.  Buther- 
lade  an  important  observation.  He  noticed  that  "if  a 
rism  which  with  a  high  power  refuses  to  define  the  soda 
more  stringent  test  than  solar  lines)  is  violently  shaken 
en  placed  in  position,  it  will  for  a  few  minutes  define 
ully  but  orradually  settle  into  its  former  condition. "f  It 
;d  to  Dr.  Draper  therefore,  that  possibly  the  stria©  caused 
irection  currents  produced  by  inequalities  of  temperature, 
lich  caused  the  bad  definition,  might  be  destroyed  by  an 
agitation  of  the  liquid.  Acting  on  this  suggestion,  on 
,h  of  November  1881  he  placed  a  small  propeller  wheel 
risnlphide  contained  in  the  Thollon  prism,  its  shaft  pass- 
it  through  the  stopper.  By  means  of  a  small  electric 
this  propeller  could  be  rotated    with   any  convenient 

The  result  was  marvelous ;  by  thus  keeping  the 
in  agitation  all  inequalities  in  its  density  were  prevented 
9  definition  became  excellent.  On  the  21st  of  Novem- 
th  the  stirrer  revolving  five  times  a  second  the  definition 
perfect  that  even  with  a  faint  flame  the  sodium  line 
be  seen  distinctly  reversed.  A  series  of  comparisons 
w  undertaken  between  the  train  of  Steinheil  prisms  and 

bye.,  viii,  7.3,  1879.     0.  R.,  Ixxxviii,  80,  82,  1879.        f  l^c-  ci^^ .  P-  130. 
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the  Thollon  prism  as  arranged  with  the  stirrer.     On  Deccmbei 
2d,  using  sunlight,  the  relative  dispersion  of  the  two  was  found 
to  be  very  nearly  equal,    the  flint  train   giving  perhaps  one- 
eighth  more ;  but  the  amount  of  light  transmitted  by  the  bisul- 
phide prism  was  at  least  four  times  and  in  the  region  about  G 
eight  times  as  great  as  that  obtained  from  the  Steinheil  prisms. 
But  now  another  source  of  error  was  developed.     Although 
when  the  propeller  was  running,  the  definition  of  the  bisul- 
phide prism  was  not  affected  by  changes  of  temperature, yet  now, 
these  changes  of  temperature,  by  changing  the  refractive  index 
of  the  liquid,  caused  a  continual  shifting  of  the  position  of  t}\e 
lines  in  the  spectrum,  either  in  one  direction  or  the  other.    It 
is  obvious  therefore,  that  during  an  exposure  of  any  considera- 
ble duration,  such  as  is  often  necessary  with  faint  spectra,  this 
change   of   position  in  the   lines   due  to  temperature-change 
would  absolutely  destroy  the  definition  on  the  photographic 
plate.     In  the  hope  of  correcting  this  new  difficulty,  an  even 
temperature  box   was  constructed  about  the  prism,  and  was 
filled  with  cotton.     On  the  morning  of  December  8th  it  was 
found  that  the  thermometer  had  fallen  during  the  night  9°  F. 
and  that  the  sodium  lines  had  shifted  toward  the  more  refrangi- 
ble end  of  the  spectrum  a  dintance  of   0*75  inch.*     A  direct 
experiment,  made  by  placing  a  iliermometer  in  the  bisulphide^ 
showed  that  for  a  change  of  3*75°  F.  a  change  took  place  in  the 
position  of  these  lines  of  0*376  itich.     The  box  containing  the 
prism  was  then  enlarged  to  30  inches  on  a  side  and  a  plate  of 
iron  6  inches  square  was  let  in  to  the  bottom,  and  so  arranged 
that  it  could  be  heated  by  a  gas  flame.     Subsequently  an  iron 
tube  closed  ai  the  upper  end  and  nine  inches  long,  was  passed 
through  the  plate  and  allowed  to  project  7  inches  into  the  l)Ox. 
The  temperature  within   was  regulated   by  two  compound  ex- 
pansion bars  made   of  strips  of   vulcanite   and    brass  riveted 
together  and  included  in  the  circuit  of  a  battery  and  an  electro- 
magnet so  arranged  that  when  the  ends  of   the   bars  came  in 
contact  as  the  temperature  rose,  the  circuit  was  closed  and  the 
electromagnet  turned  down  the  gaF.     When   the  temperature 
fell,  the  circuit  was  opened  and  the  gas  was  again  turned  on. 
On  the  16th   of  December,  the  regulator  was  adjusted  for  77*^ 
F.,  the  temperature  of  the  room  being  63*^  F.     After  four  houra 
the  sodium  lines  ceased  to  move  toward  the  red,  but,  until  the 
stirrer  was  started,  the  definition  was  bad  and  the  lines  could 
not  be  separated.     On    the    morning   of  December   20th  the 
thermometer  in  the  box  had  fallen  over  night  from  79°  to  65*^ 
F.  and  the  sodium  lines  had   receded  toward  the  violet  end  of 
the  spectrum  a  distance  of    1*375   inches.     On  turning  on  the 

*  These  meaflurements  were  made  by  Mr.  D.  C.  Chapman,  who  at  that  time  wtt 
acting  as  Dr.  Draper's  assistant. 
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leat,  the  prism  did  not  appear  to  feel  the  effect  for  half  an 
lOur.  Then  the  lines  began  to  move  toward  the  red  end  of 
he  spectrum  and  continued  to  do  so  for  more  than  five  hours. 
On  turning  off  the  heat,  the  lines  began  to  recede  in  half  an 
hour;  but  although  it  was  again  turned  on,  they  did  not  be- 
come stationary  for  an  hour.  On  the  23d,  the  even  temperature 
box  was  enlarged  and  a  second  box  constructed  within  it,  the 

Sace  between  the  two  being  filled  with  cotton.     On  the  29th, 
e  regulator  was  started  at  7  A.  M.     At  1  P.  M.  the  temperature 
became  stationary  at  70*^  F.  and  the  spectrum  remained  at  rest 
for  two  hours.     On  the  morning   of   January  1st,  1882,  the 
temperature  of  the  box  was  54°  R,  having  cooled  from  72°  P. 
over  night,  and  the  sodium  lines  had  moved  a  distance  of  1*8 
inches.     From  these  experiments,  the  conclusion  was  reached 
that  if  a  change  of  over  10°  F.  is  to  be  made  in  the  box,  it  is 
doubtful  whether   with    this   apparatus   the  spectrum  can  be 
made  stationary  on  the  same  day.     The  heat  was  therefore  left 
on  over  night  and  the   temperature  was  found   to  be  readily 
Bontrolled  the  next  day.     There  were  fluctuations  of  course  ; 
bat  they  were  not  enough  to  injure  the  definition  if  the  expos- 
ore  was  not  over  15  or  20  minutes.     On  the  25th  of  January 
Borae  changes   were   made  in    the  heating  tube  by  placing  a 
funnel  upon  its  lower  end,  by  continuing  it  up  through  the  top 
cf  the  box  and  by  making  an  opening  on  one  side  of  it  within 
the  box.     A  relay  was  also  arranged  with  a  damper  so  as  to 
close  the  top  of  this  tube  whenever  the  circuit  was  broken  by  the 
separation  of  the   differential  bars  in  the  box,  and  to  open  it 
when  the  circuit  was  closed.   This  relay  acted  in  concert  with  the 
electromagnet  above  mentioned,  closing  the  tube  when  the  gas 
was  turned  on  and  opening  it  when  it  was  turned  off.    On  light- 
injr  the  gas  jet  below  the  funnel,  the  heated  air  vises  into  the 
tube  and  passes  into  the  box  through  the  lateral  opening  in  the 
tnhe.    When  the  temperature  is  reached  for  which  the  bars  are 
set,  they  come  in  contact  and  close  the  circuit.     The  electro- 
magnet attracts  its  armature  and  thus  turns  down  the  gas  while 
the  relay  also  closes  and  thus  opens  the  damper  on  the  top  of 
the  tube.     The  heated  air  now  passes  out  of  the  box  through 
the  lateral  opening  until  the  temperature  has  fallen  suflBciently 
to  separate  the  expansion  bars  and  open  the  circuit.     No  ex- 
periments with  this  apparatus  are  recorded  in  the  note-books. 
On  the  27th  of  December,  1884,  the  apparatus  was  put  in 
order  and  some  experiments  were  made  with  it  for  the  purpose 
of  testing  its  efficiency.     The  automatic  arrangement  for  regu- 
Jating  the  heat  was  easily  adjusted  and  found   to  work  well. 
The  definition  of  the  sodium  lirjes  which  at  first  was  very  bad, 
became  admirable  in  a  few  moments  after  starting  the  stirrer. 
Od  the  30th,  the  first  systematic  test  was  made  with  it.     The 
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gas  was  lighted  at  9  o^clock,  a.  m.,  and  at  11  h.  20  m.  th< 
temperature  of  the  box  was  67*5**  F.  The  cross  wires  of  i 
small  telescope  were  then  set  on  the  less  refrangible  componeD 
of  the  sodium  line.  In  15  minutes  the  other  component  wasot 
the  cross  wires,  the  spectrum  having  shifted  the  distance  be 
tween  these  sodium  lines  in  this  time.  The  displacement  wai 
toward  the  red,  and  the  prism  was  rising  in  temperature.  Th( 
second  similar  change  in  position  required  also  15  minutes;  bol 
the  third  required  19,  the  fourth  35  minutes  and  the  fifth  4S 
minutes.  A  centigrade  thermometer  reading  to  tenths  was 
then  placed  in  the  box.  At  5  h.  25m.,  P.  IL,  this  thermometer 
read  iVi^  C.  and  the  cross  wires  were  set  on  the  less  refrangible 
sodium  line.  In  25  minutes  the  thermometer  read  21*4  C. 
and  the  spectrum  had  moved  over  a  little  more  than  the  dis- 
tance between  the  components.  A  second  change  of  tbia 
amount  required  41  minutes,  the  thermometer  showing  no 
change.  At  1  h.  2  m.,  a.  m.,  the  spectrum  had  again  shifted 
by  a  distance  equal  to  that  between  the  components  of  the 
sodium  line,  but  had  required  97  minutes  to  accomplish  it^  the 
thermometer  reading  22*3°  C.  at  the  beginning  and  at  the  close 
of  the  experiment  The  latter  part  of  the  time  the  spectrum 
shifted  by  only  the  width  of  one  of  the  components  in  an  hour. 
In  a  second  experiment,  an  hour  and  six  minutes  was  requirefl 
for  this  amount  of  displacement.  The  thermostat  was  then  led 
in  action  over  night.  At  9  h.  10  m.  the  next  morning  the 
thermometer  read  22*^  C.  not  having  perceptibly  changed  since 
the  last  reading,  while  tlie  sodium  lines  had  shifted  in  seven 
hours  by  only  a  little  more  than  the  distance  between  them. 

The  gas  was  then  turned  off  and  the  entire  apparatus  allowed 
to  remain  at  rest  for  several  days,  the  temperature  of  the  box, 
the  position  of  the  sodium  lines,  and  their  definition  being 
observed  by  Mrs.  Draper  from  time  to  time.  The  following 
are  the  values  obtained : 

Temp,  of  Temp,  of 

Date.  Time.  Koom.  Box.  Definition.  DIsplacemeDt. 

Dec.  31  St.         10  p.m.         68' F.  18-2°  C.         ExceUent.  1*25    inches. 

Jan.  1st.  12     m.  69"  F.  18-4*' C.  '*  1166      " 

3  p.m.         68°  F.  18-6"  C.  "  1-083      '• 

Jan.  2d.      10:45  a.m.         56' F.  13-   "  C.  Good.  2*416     • 

Jan.  4tli.    12:30  p.m.         50"  F.  9  6°  C.  Fair  3-583     " 

4:40  p.m.  "  "  Kicellont.  3-683     '• 

{Gas  lighted  in  thermostat) 

"  7:30  p.m.         50' F.  15-2"  C.         Entirely  gone  2083      • 

Jan.  5th.    10:25  a.m.         50**  F.  9-4°  C.         Excellent.  

( Oas  lighted  in  thermostat.) 

"  10:30  a.m.         50    F.  10-2'C.  Fair.  

"  10:45  a.m.  "  109' C.  Bad. 

"  10:55  a.m.  '*  12-2"  C.         Entirely  gone 

(Started  the  motor  and  in  five  minutes  the   definition  was  good.  Put  out  the 
gas  and  a  few  minutes  later  stopped  the  motor.     Definition  lessened  verj  slowlj.) 

11:16  a.m.        60°  P.  ir2°C.         Kntirely  gone.  .... 
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The  results  which  have  been  given  in  the  preceding  pages 
em  to  have  a  twofold  bearing.  In  the  first  place  they  prove 
At  by  the  simple  expedient  of  stirring  the  liquid  in  a  prism  by 
leans  of  a  propeller  or  other  device  so  as  to  keep  it  in  active 
oiion,  all  strias  due  to  temperature-changes  may  be  prevented 
nd  the  definition  rendered  perfect.  Even  carbon  bisulphide, 
hose  extreme  mobility  and  high  expansion-coefficient  make  it 
Etremely  sensitive  to  variations  of  temperature,  may  be  made 
I  this  way  to  give  the  most  admirable  definition  ;  so  complete 
ideedy  that  in  the  spectrum  given  by  such  a  prism,  a  fine 
versed  line  has  been  seen  in  one  of  the  components  of  the 
diam  line.  The  practical  value  of  this  simple  device  is  very 
^nsiderable.  The  Thollon  bisulphide  prism  above  mentioned 
hile  giving  seven-eighths  as  much  dispersion  as  six  fiint 
risms  gives  four  times  the  light  in  the  entire  spectrum  and 
ght  times  the  light  in  the  region  near  G.  For  photographic 
irposes,  now  that  the  definition  can  be  made  permanently 
larp  and  the  shifting  prevented,  this  prism  must  replace 
nins  of  glass  prisms,  and  even  gratings  unless  these  are  of 
iTge  size  and  are  used  with  telescopes  of  proportionately  large 
pertures. 

In  the  second  place  this  investigation  has  called  attention  in 
very  marked  manner  to  the  change  in  refracting  power  with 
hange  of  temperature.  This  subject  has  already  been  dis- 
cussed with  reference  to  liquids  by  several  authors,  especially 
)y  Gladstone  and  Dale*  in  1858,  and  with  reference  to  glass 
)yMendenhall  in  1876,t  and  Hastings  in  1878.:}:  Both  these 
}hysicists  confirm  the  statement  of  Arago  and  Neumann  that 
ior  glass  the  law  is  precisely  the  reverse  of  that  given  for 
liquids,  and  that  the  refractive  index  increases  with  the  tem- 
perature. Mendenhall  calls  attention  to  the  effect  of  this  change 
opon  the  determination  of  the  position  of  spectrum  lines,  espe- 
cially with  a  train  of  prisms,  and  suggests  that  it  may  account 
for  the  discrepancies  observed  in  the  values  given  by  diflerent 
observers  for  the  same  line.  In  the  case  of  the  Thollon  prism 
described  in  this  paper,  it  will  be  observed  that  the  deviation 
and  consequently  the  refractive  index  increases  in  a  very 
marked  manner  as  the  temperature  diminishes;  confirmin<r 
Gladstone  and  Dale's  law  for  carbon  bisulphide.  When  the 
priam  was  cooled  from  22°  C.  to  9*6°,  the  double  sodium  line 
moved  toward  the  violet  end  of  the  spectrum  over  a  distance  of 

•  Phil.  Trans.,  1858,  887. 

t  This  Journal,  III,  xi.  406,  May,  1876. 

t  Ibid.  IIL  XV,  269,  April,  1878.  Hastings  calls  attention  to  tbe  new  and  note- 
worthy fact^  brought  out  by  his  results,  that  the  variation  in  dispersive  power 
atleDding  variation  in  temperature  is  relatively  enormously  greater  than  that  of 
tbe  refractive  power. 
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3*583  inches.*  As  Mendenhall  has  shown  that  no  change  tal 
place  in  the  angle  of  a  glass  prism  with  change  of  temperatu 
it  follows  that  the  flint  glass  prisms  composing  the  sides  of  t 
Thollon  prism  change  only  in  their  specific  refraction  wi 
change  of  temperature.  Hence  the  change  of  the  refracti 
index  observed  in  this  prism  as  above  stated,  is  a  different 
result  due  to  the  excess  of  the  change  in  the  index  of  t 
bisulphide  in  one  direction,  over  that  of  the  flint  glass  in  t 
other. 

Moreover  it  has  now  been  most  cleaily  shown  that  by  meai 
of  a  suitable  thermostatic  arrangement,  it  is  quite  possible 
preserve  the  temperature  of  the  prism  so  uniform  that  i 
material  change  of  position  shall  take  place  in  the  spectra 
lines,  at  least  during  any  reasonable  exposure.  The  nuraerici 
results  above  given  prove  that  in  the  apparatus  as  arranged  b 
Dr.  Draper  the  temperature  did  not  vary  01°  C.  for  more  tha 
seven  hours,  and  that  during  that  time  the  sodium  lines  did  nc 
change  their  position  by  an  amount  equal  to  the  distanc 
between  theni.  Hence  this  source  of  diflSculty,  hitherto  g 
serious  in  spectrum  photography,  especially  when  the  exposur 
is  a  long  one,  is  entirely  obviated. 

These  experimerjts,  moreover,  confirm  the  opinion  that  th 
irregularities  in  the  bisulphide  which  are  the  cause  of  its  b 
definition,  are  produced  by  an  inequality  between  the  tempen 
ture  of  the  liquid  and  that  of  its  enclosing  vessel,  thus  pr()du( 
ing  convection  currents  in  the  liquid.  So  long  as  the  tempen 
tures  of  the  prism  and  of  its  contents  rise  and  fall  togethe: 
and  with  the  surrounding  objects,  so  long  the  definition  remair 
perfect,  notwithstanding  the  temperature  change.  It  is  on! 
when  considerable  changes  of  temperature  take  place  suddenlj 
that  the  striae  due  to  these  convection  currents  appear  and  spo 
the  definition.  As  this  is  the  condition  in  most  working  lalx 
ratories,  the  advantages  there  of  a  method  of  complete! 
obviating  the  evil  by  agitation  enables  the  experimenter  t 
secure  good  definition  with  any  changes  of  temperature.  Be 
now  these  changes  of  temperature,  though  they  cannot  produc 
bad  definition,  do  cause  shifting  of  the  lines.  The  even  ten 
perature  box  already  described  cures  this  trouble  completelj 
When  this  box  has  been  at  a  constant  temperature  for  a  suff 
cient  time,  the  definition  is  good  even  without  the  stirrer.  Eve 
when  the  temperature  of  the  box  is  changing  quite  rapid!) 
good  definition  can  bo  always  secured  by  starting  the  stirrei 

*  In  the  earlier  series  of  cxperimenls  the  change  in  position  of  the  Na  liw 
was  very  closely  01  inch  for  one  degree  Fahrenheit.  In  the  later  series,  itwi 
almost  exactly  6-3  inch  for  one  degree  Centigrade.  Tlie  results  of  ihe  two  eerii 
cannot  be  compared  together  owing  to  a  change  in  the  adjustment  of  the  appar 
tus  during  the  interval. 
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It  will  ever  be  a  source  of  profound  regret  to  the  many 
fiends  of  Dr.  Henry  Draper  that  he  did  not  live  to  complete 
ihe  research  to  which  the  foregoing  investigation  was  prelim- 
inary. With  his  new  and  admirably  equipped  laboratory,  and 
irith  this  powerful  and  thoroughly  corrected  photographic 
•pectroscope  at  his  command  as  one  of  its  first  fruits,  no  one 
can  doubt  that  he  woulA  have  secured  with  it  results  of  the 
highest  value  to  astronomical,  and  especially  to  solar,  physics. 


Art.  XXXVI. — The  Oenus  Pyrgulifera  Meek^  and  its  Associates 
and  Congeners;  by  Charles  A.  White. 

The  molluscan  fauna  of  the  Laramie  Group  of  Western 
North  America  has  a  remarkably  uniformity  of  character 
throughout  its  known  geographical  extent,  from  Mexico  to 
British  America,  with  the  important  exception  of  a  region  lying 
in  Utah  and  Southwestern  Wyoming.  The  strata  of  this  region 
are  underlaid  and  overlaid  respectively  by  the  equivalents  of 
the  same  formations  which  underJie  and  overlie  other  parts 
of  the  Lammie  Group,  wherever  such  contacts  are  known. 
They  are  therefore  referred  to  the  Laramie  Group  although  they 
bold  a  different  molluscan  fauna  which,  in  my  publications,  I 
have  usually  designated  as  the  Bear  River  Laramie,  to  distin- 
guish it  from  the  fauna  of  the  greater  part  of  that  extensive 
group. 

This  Bear  River  Laramie  fauna  contains  not  only  types  of 
mollusca  which  are  not  found  in  that  of  the  principal  part  of 
the  Laramie  Group,  but  which  are  not  known  among  any  other 
North  American  fauna,  either  fossil  or  recent;  and,  what  is 
still  more  remarkable,  a  fauna  which  nearly  approaches  it,  as 
regards  the  types  referred  to,  is  now  living  in  Lake  Tangan- 
yika, Africa. 

The  molluscan  fauna  of  this  lake,  whose  waters  are  almost 
entirely  fresh,  has  been  published  by  Messrs.  S.  P.  Woodward,* 
Edgar  A.  Smith  f  and  H.  Crosse.^    Some  of  the  forms  are 

*  Woodward,  S.  P.  On  Bome  new  Fresh-water  shells  from  Central  Africa. 
Proc  Zool.  Soc.  Load.,  1859,  pp.  348-350,  pi.  xlvii. 

f  Smith,  Edgar  A.  Diagnoses  of  new  shells  from  Lake  Tanganyika  and  Kast 
AfricH.  Ann.  and  Mag.  Nat.  Hist.;  (5)  iv,  1880,  pp.  423-430.  On  the  shells  of  Lake 
TaDganyika  and  the  neighborhood  of  Ujiji,  Central  Africa.  Proc.  Zool.  Soc.  Lond., 
1880,  pp.  344-352 ;  pL  xxxi.  On  a  collection  of  shells  from  Lakes  Tanganyika 
and  Nyassa  and  other  localities  in  East  AfVica.  Proc.  Zool.  Soc.  Lond.,  1881,  pp. 
27&-300,  pi.  xzrii-xxxiv.  Description  of  two  new  Species  of  Shells  from  Lake 
Tanganyika,    Pro*?.  Zool.  Soc.  Lond.,  1881,  pp.  658-561  ;  two  wood-cuts. 

\  Cnrase,  H.  Faune  malacologique  du  Lac  Tanganyika.  Journal  de  Conch., 
Paris;  April.  1881,  pp.  105-139,  pL  iv.  Supplement  it  la  Faune  malacologique  do 
Lac  Tanganyika.    Same  Journal,  October,  1881,  pp.  277-306. 
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like  those  which  characterize  fresh  waters  elsewhere,  sach,  for 
example,  as  Unio,  Planorbis,  Limnsaa,  etc;  and  some  are  of 
peculiar  types  belonging  to  fresh- water  families,  which  tjpesait 
found  only  or  mainly  in  Africa.     But  a  remarkable  feature  of 
this  fauna  consists  in  a  few  types  which  are  so  closely  like  some 
that  are  characteristic  of  marine  faunas  as  to  suggest  that  thej 
have  survived  the  gradual  freshening^f  the  lake  from  a  former 
condition  of  marine  saltness.     Two  species  of  one  of  the  generic 
forms  especially,  are  so  nearly  like  Trochis  that  if  they  were 
found  among  a  marine  fauna  would  doubtless  be  referred  to 
that  genus.     Mr.  Smith  has  described  these  as  belonging  to  a 
new  genus,  under  the  name  of  Limnotrochns,     Another  species 
which  has  much  the  aspect  of  a  marine  shell,  is  the  Melania 
{Sermyla)  admirahilis  of  Smith ;  but  one  of  the  most  interesting 
generic  forms  of  this  Tanganyika  fauna  is  the  one  to  which  Mr. 
Smith  gave  the  subgenenc  name  of  Paramelania.     He  described 
two  species  under  this  name,  P.  Damoni  and  P.  crassiangulata; 
and  M.  Crosse  (loc.  cit.)  referred  an  associated  species,  thei/ela. 
nia   nassa  of  Woodward,  to  the  same  generic  group.    These 
seemed  to  me  to  be  so  closely  like  the  Pyrgulifera  humerosa  of 
Meek,  from  the  Bear  Biver  Laramie  beds,  that  I  published  a 
note   in   Nature*  expressing  my  belief  that  the  African  and 
American  forms  are  congeneric ;  and  I  afterward  republished 
that  opinion  with  illustrations  of  both  fossil  and  recent  form8.t 

In  my  article  in  Nature  I  also  called  attention  to  the  similarity 
of  Melania  {Sermyla)  admirahilis  Smith,  with  Ooniohasis  Ck- 
hurni  White.  I  might  also  have  mentioned  that  the  surface 
markings  about  the  beak  and  front  of  Unio  Horei  Smith,  also 
from  Lake  Tanganyika,  are  considerably  like  those  of  TJ,  belli- 
plicatus  Meek,  of  the  Bear  River  Laramie  fauna.  It  thus  ap- 
pears that,  including  this  Unio,  there  are  three  moll uscan  types 
in  the  Laramie  Group  which  are  apparently  closely  related  to 
forms  now  living  in  Lake  Tanganyika.  The  most  conspicuous 
of  these  is  the  PurguUfera  of  Meek,  of  which  I  regard  the 
Paramelania  of  Smith  a  synonym. 

An  interesting  paper  has  lately  appeared  from  the  pen  of 
Dr.  Leopold  Tausch,j  in  which  he  also  places  the  three  Tan- 
ganyika forms  last  referred  to,  under  the  genus  Pyrgulifera  of 
Meek,  which  genus  he  regards  as  nearly  related  to  Paludomus 
Swainson.     He  also  announces  the  discovery  of  Meek's  lype- 

♦  White,  C.  A.     Tanganyika  Shells.     Naiure;  vol.  xxv,  1882,  pp.  101-102. 

f  White,  C.  A.  New  MoUuscan  Forms  from  the  Laramie  and  Green  RiTW 
Groups,  with  discussions  of  some  assoctiated  forms  heretofore  known.  Proc. 
Nat.  Mus.,  vol.  V,  pp.  94-99.  pi.  iii.  A  Review  of  the  Non-Marine  Fossil  Mol- 
lusoa  of  North  America.  Third  Ann.  Elep.  Director  U.  S.  Geol.  Survey,  pp.  403- 
650,  pi.  1-32. 

J  Tansch,  Dr.  Leopold.  Ueber  einige  Conchylien  aus  dem  Tnngjanyika-See  und 
deren  fossile  Verwandte.  Sitzb.  der  k.  Akad.  der  W^issensch.,  Band  xc,  JuU,  1884. 
pp.  66-70,  plates  i  and  ii 
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pecieSy  P.  humerosa^  in  the  Upper  Cretaceous  fresh-water  de- 
xnits  of  Hungary ;  and  descriDes  as  new  four  other  species  of 
PjfrgiUtfera  which  he  finds  there  associated  with  it.  Besides 
feese,  he  refers  the  Melanopsis  Pichhri  of  Hoernes,  the  M.  ar- 
mala  and  M.  lyra  of  Matheron,  and  the  Turbo  acinosus  of  Zekeli, 
ill  from  the  Upper  Cretaceous  of  Europe,  to  Pyrgulifera,  Thus, 
looording  to  Dr.  Tausch,  there  are  twelve  known  species  of  this 
pnos,  nine  fossil  and  three  living ;  the  latter  in  Africa  exclu- 
Bvely;  the  type-species  only,  in  North  America;  and  nine  in 
Europe,  including  the  identified  type-species  there. 

Some  doubt  may  be  naturally  felt  as  to  the  genuineness  of  the 
dentification  of  Pyrgulifera  among  the  living  African  fauna, 
18  well  as  that  of  A  humerosa  in  the  Hungarian  Upper  Creta- 
ceous ;  but  the  identification  of  both  seems  to  be  as  complete 
IB  such  determinations  can  usually  be  made  by  means  of  the 
ibells  alone.     If  it  is  permissible  to  establish  genera  and  species 
among  fossil  shells  at  all,  we  are  entitled  to  hold  those  genera 
and  species  against  anything  except  proof  of  error  in  diagnosis. 
Admitting  these  identifications  to  be  correct,  the  geographical 
distribution  and  chronological  range  of  these  shells  are  quite  re- 
markable.    They  appear  to  have  all  been  denizens  of  fresh,  or 
tt  most,  brackish  waters,  the  geographical  range  of  the  faunas 
of  which  seems  necessarily  to  be  more  restricted  than  that  of 
marine  faunas  may  be.     Their  distribution  is  all  the  more  re- 
markable if  Dr.  Tausch ^s  identification  of  Pyrgulifera  humerosa 
in  Hungarian  strata  is  correct.     The  genuineness  of  the  generic 
identification  of  Pyrgulifera  in  the  American  and  European  fos- 
sil, and  the  African  living,  faunas  respectively,  receives  support 
from  the  fact  that  in  each  case  some  of  the  associated  forms  are 
similar.     I  have  already  mentioned  the  close  similarity  between 
Oontobasis  Clehumi  of  the  Laramie  Group,  and  Melania  (Sermyla) 
nimirahilis  of  the  Tanganyika  fauna.     Dr.  Tausch  also  calls  at- 
tention to  the  existence  of  Fascinella  Stache  in  the  Upper  Creta- 
ceous of  Hungary,  and  shows  that  the  Hungarian  fossil  shell  is 
closely  like  the  one  living  in  Lake  Tanganyika  which  Smith  has 
described  under  the  name  of  Syrnolopsis  lacu^tris. 

In  North  America, P^r^uZzJ/era  humerosa  and  its  branchifer- 
ous  associates  appear  to  have  been  both  geographically  and 
chronologically  restricted.  In  fact  we  yet  know  nothing  of  the 
previous,  subsequent  or  contemporary  history  of  the  Bear  Bi  ver 
Laramie  fauna;  for  its  distinguishing  types  are  not  found  either 
living,  or  in  Tertiary  strata  and,  as  before  remarked,  they  did 
not  extend  into  the  principal  portion  of  the  Laramie  Group. 

The  cause  of  this  marked  difierence  between  the  faunas  of 
the  two  portions  of  the  Laramie  Group  I  suppose  to  have  been 
connected  with  their  origin  and  development  in  two  separate 
hydrographic  basins,    which    probably  existed  contemporane- 
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ously,  but  separated  from  each  other  by  a  land  barrier.  I  have 
sujff^jested  (loc.  cit.)  that  the  rnolluscan  fauna  of  the  greater  part 
of  the  Laramie  Group  has  descended  to  the  present  time  through 
a  perpetuation  of  the  outlet  drainage  of  the  Laramie  sea,  now  be- 
come a  part  of  the  Mississippi  river  system  where  a  large  part  o{ 
the  same  types  still  live.  The  types  of  the  Bear  River  Laramie 
fauna  have  not,  as  a  rule,  survived  in  North  America.  This  I 
have  thought  was  probably  due  to  a  failure  of  the  outlet  drain- 
age of  the  waters  in  which  that  fauna  lived  to  become  perpet- 
uated, in  consequence  of  some  subsequent  geological  changes^ 
which  necessarily  destroyed  its  branchiferous  fauna,  with  its' 
peculiar  types. 

If  we  accept  such  views  as  this  and  still  admit  the  real  gene- 
tic relationship  of  the  American,  European  and  African  forms 
which  have  been  referred  to,  it  is  difficult  to  understand  how 
their  wide  geographical  distribution  has  been  effected,  and  how 
they  have  been  perpetuated  to  the  present  time.  An  interesting 
question  for  paleontologists  to  consider  also  presents  itself  in  ] 
this  connection,  which  relates  to  the  assumed  equivalency  of  \ 
formations  which  bear  similar  faunas.  There  are  other  reasons 
than  the  similarity  of  faunas  why  we  should  regard  the  Ameri- 
can and  Hungarian  formations  which  contain  Pyrgulifera  as  of 
approximately  the  same  geological  age.  But  so  far  as  the  Tan- 
ganyika shells  which  resemble  the  fossil  forms  referred  to  are 
concerned,  the  living  fauna  of  that  lake  has  an  interesting 
homotaxial  relationship  with  those  fossil  faunas  of  Europe  and 
America  which  contain  the  shells  that  have  been  referred  to  the 
genus  Pyrgulifera, 


Art.  XXXVII.  —  On  the  occurrence  of  Native  Mercury  in  the 
Alluvium  in  Louisiana;  by  Ernest  Wilkinson,  Ensign 
U.  S.  Navy. 

Native  mercury  has  been  recently  discovered  in  a  locality 
where  its  presence  has  hitherto  been  unsuspected.  At  "Cedar 
Grove"  Plantation,  in  Jefferson  Parish,  Louisiana,  on  the  west 
bank  of  the  Mississippi,  ten  miles  above  New  Orleans,  native 
mercury  occurs  in  small  globules  disseminated  through  the 
alluvial  soil.  These  globules  vary  in  size  from- a  microscopic 
pellet  to  a  BB  shot,  used  for  sporting  purposes.  They  seena 
to  be  thoroughly  admixed  in  the  soil,  and  although  more 
abundant  within  a  limited  area,  are  found  for  a  distance  of 
1,200  feet.  Beyond  this  distance,  the  limited  time  at  ray  dis- 
posal did  not  allow  me  to  investigate,  but  the  appearance  of 
the  soil  seems  to  indicate  that  the  metal  is  gathered  around  a 
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certain  center  and  gradually  disappears  as  the  distance  from 
this  center  increases. 

The  apparent  center  lies  about  300  feet  from  the  Mississippi 
Biyer  in  an  orange  orchard,  where  also  a  number  of  live  oaks 
are  in  luxuriant  growth.  The  presence  of  this  mercury  has 
been  noticed  for  a  number  of  years,  during  the  operations  of 
pbwing  and  ditching,  but  has  never^  to  the  writer's  knowledge, 
been  officially  reported  to  the  scientific  world. 

The  writer  took  two  negro  men,  with  spades,  to  the  locality 
iDd  obtained  several  specimens  of  the  soil  one  to  five  feet  below 
the  surface.  He  also  washed  out  on  the  spot,  from  a  small 
wash-tab  full  of  earth,  about  two  or  three  ounces  of  the  native 
element.  An  analysis  of  two  triturated  specimens  of  the  half- 
dried  earth  was  made  with  the  following  results : 

1.  Weight  of  soil,        500  grais.        Wt.  Hg,        1*4662  grms.  %0  0029  + 

X      "  "  600      »*  •♦  1-4687     "  0-0029  + 

Total,  1  kilogram.  Total,       2*9339  meaD,    ^0002934 

Giving  a  mean  percentage  of  mercury  of  0*002934  per  cent. 
The  soil  is  all  alluvial  and  for  a  depth  of  25  feet  is  as  toh 
lows : — 

1.  Surface,  mercury-bearing  stratum,  six  feet  thick.  A  sandy 
soil  containing  blue  clay  and  vegetable  mould. 

2.  Stratum  of  blue  clay  6J  feet  thick. 

8.  Similar  stratum  to  surface,  but  containing  no  mercury, 
six  feet  thick. 

4.  Stratum  of  blue  clay  6J+  feet  thick. 

It  is  not  known  how  much  deeper  the  fourth  stratum 
extends.  In  none  but  the  upper  stratum  of  alluvial  soil  does 
mercury  occur  in  sufficient  quantity  to  be  perceptible  to  the 
naked  eye. 

The  large  quantity  of  mercury,  the  great  area  over  which  it 
is  scattered,  tne  situation  above  the  most  frequented  resort  of 
commerce,  the  protection  from  overflowing  by  levees,  and  the 
absence  of  any  appearance  or  history  of  any  large  cargo  of 
mercury  being  wrecked  in  that  vicinity,  make  it  extremely  im- 
probable that  such  results  could  have  been  effected  by  the 
agency  of  mah. 
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Art.  XXXV III.— rAe  Earthquakes  in  Spain;  by  C.  G. 

Rockwojid,  Jr. 

The  series  of  earthquakes  which  has  recently  devastated  th 
southern  part  of  Spain,  began  with  a  disastrous  shock  at  8^  53 
p.  M.,  on  December  25,  1884. 

It  had  been  preceded  by  a  light,  but  somewhat  widely  ex 
tended  shock  in  the  early  morning  of  December  22,  which  wa 
felt  on  the  northwest  coast  of  Spain  and  in  Portugal,  ao( 
reached  so  far  under  the  Atlantic  Ocean  as  to  affect  Madein 
and  the  Azores.  The  shock  of  December  25,  has  also  beec 
followed  by  a  long  series  of  oscillations,  repeated  at  first  seV' 
eral  times  a  day,  during  the  rest  of  December,  and  with  grad- 
ually diminishing  frequency  through  the  months  of  January 
and  February,  1885. 

The  shock  on  the  evening  of  Christmas  day,  much  the  most 
violent  of  the  series,  caused  great  loss  of  life  and  destruction  of 
property.  Its  influence  was  plainly  felt  as  far  north  as  Madrid, 
where  bells  were  rung  and  clocks  stopped,  and  very  slightly 
also  in  England ;  but  it  was  in  the  southern  provinces  of 
Spain,  bordering  on  the  Mediterranean  Sea,  that  the  greatest 
damage  occurred.  In  Cadiz,  Seville,  Cordova,  Jaen,  and 
Almeria  it  was  strongly  felt,  although  causing  no  very  serious 
damage  in  these  places;  but  within  the  area  defined  by  this 
chain  of  cities  and  the  Mediterranean  Sea,  many  towns  and 
villages  were  left  in  a  more  or  less  ruined  condition.  In 
Granada,  of  the  10,000  houses  composing  the  city,  at  least 
7,000  will  need  repairs.  The  fa9ade  of  the  cathedral  was 
injured.  The  inhabitants  left  their  homes  by  thousands,  and 
either  camped  for  days  in  the  open  fields  or  emigrated  from 
the  city  entirely.  The  famous  Alhambra  fortunately  escaped 
injury.  The  villages  of  Arenas  del  Rey,  Albufluelas,  Santa 
Cruz,  Zaffaraya,  and  Alhama  were  destroyed.  The  latter 
place  was  built  partly  upon  and  partly  at  the  foot  of  a  blufi, 
and  the  upper  town  was  shaken  down  upon  th^  lower,  over- 
whelming 1000  houses  and  350  of  the  inhabitants.  Here  also 
the  hot  springs  ceased  to  flow,  and  after  two  days  began  again 
with  increased  quantity  and  augmented  temperature,  the  waters 
also  having  acquired  a  sulphurous  character  which  they  had 
not  before  possessed. 

In  Malaga  all  the  public  buildings  were  more  or  less  injured 
At  Estepona  a  church  and  buildings  were  thrown  down.  At 
Torrox  twenty -six  shocks  occurred  between  8^  50™  P.  M.  of  the 
25th  and  IP  A.  M.  of  the  26th,  completely  destroying  the  town. 
At  Nerja  the  first  shocks  were  followed  by  a  hurricane  which 


C.  G.  Hockwood — TJie  Earthquakes  in  Spain.        288 

)lcw  down  many  of  the  already  weakened  houses.  At  Almu- 
Secar  twelve  shocks  occurred  in  fifteen  minutes.  At  Periana, 
I  landslip  overwhelmed  a  large  part  of  the  town,  destroying  a 
church  and  760  houses.  At  Guevejar,  a  great  semi-circular 
crevasse  has  surrounded  the  town  on  its  upper  side  and  the 
Tillage,  which  rests  on  clay  strata,  is  slowly  sliding  downward 
to  the  bed  of  the  river  Cogollos,  some  of  the  houses  having 
ilready  moved  27  meters  up  to  January  16. 

The  provinces  of  Granada  and  Malaga  have  thus  been  the 
poene  or  the  greatest  destruction.  Official  reports  up  to  Janu- 
HT  14,  state  the  number  of  persons  injured  in  Granada  as  695 
rilled  and  1480  wounded.  Other  accounts  estimate  the  entire 
088  of  life  as  upwards  of  2000.  Thirty-five  villages  are  named 
irhere  a  greater  or  less  number  of  victims  were  taken  from  the 
ruins.'* 

As  bearing  on  the  possible  connection  of  earthquakes  with 
atmospheric  phenomena  it  is  noted  that  an  unusually  high 
atmospheric  pressure  prevailed  over  the  Spanish  peninsula 
during  the  first-half  ot  December,  while  on  December  20,  a 
Tieavy  storm,  attended  by  unusual  depression  of  the  barometer, 
struck  the  northern  coast,  and  passing  southward,  reached  the 
Hediterranean  Sea  on  December  22,  just  previous  to  the  great 
earthquake. 

The  geological  relations  of  this  earthquake  may  be  seen  from 
ihe  following  extract  from  remarks  of  Mr.  J.  MacPherson  to 
the  Spanish  Natural  History  Society,  reported  in  Nature  (vol. 
xxxi,  p.  278). 

"A  study  of  the  Mediterranean  watershed  of  Andalusia  will 
ibow  the  existence  of  two  great  mountain  masses,  chiefly  formed 
of  archaic  deposits.  One  of  these  is  known  by  the  name  of 
the  SeiTania  de  Ronda,  and  the  other  by  that  of  the  Sierra 
Nevada.  Both  run  in  a  series  of  folds  and  faults  from  southwest 
to  northeast,  and  between  them  there  lies  an  interval  filled  up 
with  palaeozoic,  secondary  and  tertiary  deposits.  Toward  the 
middle  of  this  interval  there  rises  up  like  an  island  in  the  midst 
of  these  later  deposits,  a  series  of  ridges  running  from  northwest 
to  southeast,  and  formed  of  archaic  rocks.  They  are  known  by 
nimes  of  the  Sierra  Tejea  and  Sierra  Almijara,  and  the  folds  of 
these  ranges,  as  in  the  case  of  the  other  archaic  formations,  run 
from  southwest  to  northeast.  It  is  clear,  therefore,  that  this 
intermediary  mountain  mass  is  a  segment  of  a  more  considerable 
archuc  formation,  separated  from  adiacent  rocks  through  the 
mbsidence  of  the  ground  on  both  sides.  Owing  to  constant 
oscillations,  this  detached  portion  has  been  covered  with  the 
thick  mantle  of  sediment  which  now  overlies  it,  and  its  structure 
ii  easily  accounted  for  as  the  result  of  that  great  fracture  which 
erosses  the  peninsula  from  northwest  to  southeast,  and  in  the 
]m>longation  of  which  lies  the  region  now  described 
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"...  The  most  violent  ghocks  of  the  earthquake  of  December 
25,  were  experienced  in  the  region  intervening  between  the  Siem 
Nevada  and  the  Serrania  de  Ronda,  and  precisely  on  the  very 
belt  which  enclosed  the  archaic  mass  of  tne  Sierras  Tejea  and 
Almijara.  That  part  of  Andalusia,  broken  and  torn  by  the  secii- 
lar  disturbances -of  our  globe,  has  proved  naturally  the  weakeKt, 
and  has,  therefore,  been  the  most  exposed  to  the  shocks  from 
which  Andalusia  has  ho  terribly  suffered." 

The  Spanish  government  has  appointed  a  commission,  under 
the  presidency  of  Sr.  D.  Manuel  Fernandez  de  Castro,  to  study 
the  phenomena  of  this  series  of  earthquakes ;  and  the  Paris 
Academy  of  Sciences  has  also  sent  out  a  commission  od  a 
similar  errand,  under  the  lead  of  M.  Fouqu^,  Professor  of 
Geology  in  the  Coll6ge  de  France.  The  former  has  alread? 
issued  an  exhaustive  list  of  questions,  and  most  interesting  sd^ 
valuable  results  uiay  be  expected  from  the  labors  of  these  com- 
missions. 

Prinoetoiif  N.  J.,  March  6,  1885. 


Art.  XXXIX. — On  Devonian  Spores  ;  by  J.  M.  Clabke. 

The  name  Sporangiles  Huronensis  was  proposed  by  Sir  J.  W. 
Dawson  in  this  Journal,  April,  1871,  p.  257,  for  minute,  flat- 
tened, disc-like  bodies  occurring  in  abundance  in  the  bitumi- 
nous shales  of  Kettle  Point,  Lake  Huron,  rocks  then  regarded 
by  Dr.  Dawson  of  the  age  of  the  Marcellus  epoch  of  New  York, 
but  referred  to  the  ** Upper  Devonian"  by  Orton  (this  Journal, 
1882,  vol.  xxiv,  p.  174).  These  bodies  were  looked  upon  as 
spores  or  spore-cases  of  terrestrial  acrogens,  and  this  name  has 
been  applied  to  all  such  spore-like  bodies  wherever  noticed  io 
the  Devonian  rocks  of  North  America. 

Professor  Edward  Orton  has  noticed  the  occurrence  of  the 
same  in  the  Devonian  and  Sub-carboniferous  rocks  of  Ohio 
(**A  Source  of  the  Bituminous  Matter  in  the  Devonian  and 
Sub-carboniferous  Black  Shales  of  Ohio,"  loc.  cit,  p.  171). 

Professor  H.  S.  Williams  reports  similar  bodies  from  the 
Hamilton  Shales  of  New  York  (quoted  by  Dawson,  Proc.  Am. 
Ass.  Adv.  Sci.,  1883,  "On  Rhizocarps  in  the  Palaeozoic  Period.*') 
They  are  also  found  to  be  common  in  the  black  shales  of  the 
Marcellus  and  Genesee  epochs  in  Ontario  and  adjoining  coun- 
ties of  New  York. 

Dr.  Dawson,  in  1871  (op.  cit.),  suggested  that  these  bodies 
were  the  fruit  of  Lepidodendron,  possibly  of  the  species  i. 
Gaspianum  and  L,  Veltheimianum,  which  occur  at  the  same 
horizon.     Professor  Williams's  specimens  were  associated  with 
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lant  Ptilophyton  Vanuxemii,  Dr.  Dawson  also  mentions 
ided  spore-like  bodies  in  association  with  the  stems  of 
ophyUiim  of  Lesquereux,  from  the  lower  Carboniferous 
nnsylvania."  In  the  Marcellus  beds  of  Ontario  county 
occur  with  Psilophyton  sp.,  and  in  the  Genesee  Shales 
Cyclostigma  affine  Dn.  and  Lepidodendron  Oasptanum  Dn. 

my  observations,  however,  plant  remains  in  rocks  con- 
g  Sporangites  Huronensis  are  extremely  rare,  the  fossils 
ly  accompanying  them  being  invertebrate  marine  species- 

the  Minneapolis  meeting  of  the  A.  A.  A.  S.,  1883,  Dr. 
on,  in  the  article  already  referred  to,  viz:  '*0n  Bhizocarps 
!  Palaeozoic  Period,"  suggested  the  probability  of  the  spores 
ore-cases  representing  the  species  Sporangites  Huronensis, 
g  been  the  fruit  of  some  acrogenous  plant  of  aquatic 

allied  to  the  Salmnia  nutans  of  European  rivers,  and 
ring  this  described  forms  accompanied  and  contained  by 
•cases,  for  which  was  erected  the  provisional  genus 
salvinia  with  two  species,  P.  Braziliensis  and  P.  bilohaia. 
ese  species  were  found  in  material  collected  by  Mr.  Orville 
^,  of  the  Geological  Survey  of  Brazil,  and  ai'e  reported  to 
sociated  with  the  fucoid  plant  Spirophyton. 
B  reasons  for  the  new  interpretation  of  the  relations  of  these 
s  were  (1)  the  occurrence  of  aquatic  invertebrate  fossils 

or  less  abundantly  in  beds  containing  spores;  (2)  the 
ince  of  sporocarps  containing  spores  and  their  close 
irity  to  those  of  the  existing  Bhizocarps  represented  by 
lia  natans  and  others. 

the  vegetative  portions  of  the  plants  producing  these 
3  nothing  is  positively  known.  Dr.  Dawson  has  given 
IS  for  believing  the  species  of  Ptilophyton  to  have  been 
ic  in  habit,  and  allied  in  fructification  to  the  Bhizocarps. 
ring  a  series  of  years  many  specimens  of  Devonian  rocks 
)g  spores  have  come  into  my  hands  from  the  Oorniferous, 
3llus  and  Genesee  horizons  in  the  county  of  Ontario,  N.  Y. 
e  bituminous  shales  of  the  Marcellus  and  Genesee  these 
sually  flattened,  similar  in  mode  of  preservation  to  the 
nens  described  by  Orton  from  Kingsville,  Ashtabula 
iy,  Ohio,  and  by  Dawson  from  Kettle  Point.     The  calca- 

beds   of   the   Oorniferous   and   Marcellus   preserve   the 

s  with  but  little  or  no  distortion,  and  specimens  recently 

vered  in  the  latter  horizon  retain  both  macrospores  and 

«pores,   free  and   scattered,  or  within    their   sporocarps, 

irving  also  the  structure  of  both  sporocarps  and  spores  in 

orable  condition.     I  have   prepared   this  brief  paper  in 

'  to  show  the  structure  of   these  bodies,  and   for  present 
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purposes  they  may  be  divided   into  flattened  and  unflaUeued 
spores,  as  only  the  latter  show  traces  of  structure. 

Flattened  Spobes. — Sporangites  Huronensis  Dawson. 

In  the  Genesee  rocks  the  spores,  as  far  as  observed,  are 
always  in  this  condition,  but  are  not  common.  The  bitumi- 
nous shales  of  the  Marcellus  are  often  crowded  with  masses  of 
spores  of  the  same  size  and  appearance  as  those  of  tho  Genesee. 
In  their  flattened  condition  tney  measure  about  one-third  of  a 
millimeter  across,  in  substance  consisting  of  a  thin  black 
carbonaceous  film,  which,  by  transmitted  light,  is  of  a  deep 
orange  hue.  Specimens  from  Ohio,  kindly  sent  me  by  Pro- 
fessor Orton,  are  similar  in  shape  but  somewhat  larger  and  of  a 
light  amber  yellow.  Dawson's  specimens  from  Kettle  Point 
were  also  of  a  light  yellow.  These  bodies,  as  well  as  those 
belonging  to  the  first  two  of  the  subdivision  following,  I 
should  regard  as  macrospores  and  not  as  sporocarpa. 

Unflattenbd  Spores. 
These  divide  themselves  into  three  groups. 

1.  Sporangites  Huronensis  Dawson. 

Occur  in  the  Marcellus  Shales  in  association  with  the  flattened 
spores  mentioned  above.  External  coat  thin,  black,  showing 
no  structure.  Interior  filled  with  clear  crystalline  calcite, 
which,  in  the  thin  slices,  shows  strikingly  against  the  black 
background  of  bituminous  mud.  These  are  very  abundant  in 
certain  localities,  markedly  so  in  the  loose  bowlders  of  the 
Marcellus  shaly  limestones  scattered  through  the  towns  of 
Canandaigua  and  East  Bloomfield,  and  especially  common  in 
the  Woodlawn  Cemetery  in  the  former  place.  At  but  one 
spot,  viz:  Padelford's,  in  the  township  of  Canandaigua,  on  the 
N.  Y.  C.  R.  R.,  have  rocks  been  found  in  situ  which  bear  these 
spores,  arid  there  only  sparsely.  With  them  occur  the  fos- 
sils, Leiorhynchus  I'nnitaris  Vanux.,  Chonetes  mucronala  H.,  Pr<h 
ductella  truncaia  H.,  LeiopUria  laevis  H.  (Goldfs.  ?),  tlie  charac- 
teristic invertebrate  fossils  of  these  rocks,  and  the  only  plant 
known  here  is  Psilophyton, 

2.  Sporangites  Huronensis? 

In  the  loose  bowlders  from  the  Corn iferous  limestone  on  Mad 
Creek  in  the  town  of  East  Bloomfield,  occur  spores  which  pre- 
serve a  thick  dense  outer  coating  not  resolvable  into  distinct 
cells.  In  the  slices  this  external  wall  seems  densest  at  the 
periphery  and  on  the  interior  surface,  on  both  surfaces  limited 
by  a  black  carbonaceous  line.     Between  the  two  surfaces  the 
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stance  is  compact  and  has  a  granular  appearance.  The 
rnal  wall  has  one  third  the  thickness  of  the  spore.  The 
rior  cavity  is  filled  with  crystalline  calcite.  In  association 
\  these  are  many  somewhat  smaller  and  often  slightly 
ened  spores,  from  which  most  of  the  external  wall  has  been 
aved,  leaving  only  a  single  thin  carbonaceous  layer.  Many 
lese  forms,  which  seem  to  have  lost  most  of  the  external 
i,  show,  in  the  interior  filling  of  calcite,  splotches  or 
nents  of  bituminous  matter,  remnants  of  the  organic  sub- 
tee  with  which  the  cavity  was  originally  filled.  Usually  at 
ucleas-like  spot  at  or  near  the  center,  the  calcite  has,  in 
stallizing,  oriented  itself  differently  from  that  of  the  sur- 
nding  space,  which  leaves  the  impression  that  this  spot  may 
resent  the  original  internal  cavity  of  the  spore.  These  bodies 
[isore  from  one-third  to  one-half  a  millimeter  in  diameter,  and 
all  macrospores.  No  microspores  have  been  found  and  no 
isfactory  evidence  as  yet  of  sporocarps. 

Sporangitea  (Protosalvinia)  hilohata  Dawson,  1883. 

*' Sf)orocarps,  oval  or  reniform,  three  millimeters  to  six 
llimeters  in  diameter,  each  showing  two  rounded  promi- 
nces  at  the  ends,  with  a  depression  in  the  middle,  and  some- 
aes  a  raised  neck  or  isthmus  at  one  side  connecting  the 
ominences.  Some  of  the  specimens  indicate  that  each 
ominence  or  tubercle  contained  several  macrosporea  At 
Bt  sight  it  would  be  easy  to  mistake  these  bodies  for  valves 
Beyrichia" — ^Dawson,  op.  ciL 

?rom  an  examination  of  scores  of  slices  of  the  rock  contain- 
ig  these  bodies,  I  find  that  they  occur  alone,  that  is  unmixed, 
ith  the  forms  already  described,  and  as  far  as  observed,  with- 
it  other  fossils. 

^rocarps. — ^These  measure  from  two-thirds  to  one  millimeter 
greatest  diameter,  being  thus  considerably  smaller  than  Dr. 
kwson's  specimens.  In  general  contour  and  outline  they  are  so 
ongly  suggestive  of  Beyrichia  or  Primitia  as  certainly  to 
dead  in  macroscopic  characters 

A  single  deep  pit  situated  usually  medially  and  slightly  to 
e  side  divides  the  body  into  two  prominences,  which  are 
{hily  unequal.  The  larger  of  these  may  have  on  one  side  u 
aller  and  shallower  depression,  making  thus  the  number 
prominences  sometimes  three.  As  far  as  observed,  opposite 
IcB  are  svmmetrical  in  the  number  and  position  of  the  tuber- 
8,  and  they  seem  to  correspond  to  the  macrospores  contained 
thin. 

rhe  substance  of  the  sporocarps  is  carbonaceous,  made  up  of 
Date,  densely  set,  hexagonal  cells,  which,  on  the  surface, 
pear    as    hexagonal   pittings  and   in   section  as  transverse 
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vertical  bars.  The  rock  shows  as  many  empty  spore  casta  u 
filled,  and  dehiscence  seems  to  have  taken  place,  along  a  line 
which  would  compare  to  the  "hinfire"  of  a  Beyrichia.  Tbt 
sporocarps  (in  section)  contain  usually  two  mncrospores,  si 
times  three,  and  rarely  four  or  more.  Dr.  Dawson  has  not 
noted  the  cellular  structure  in  his  characterization  of  tbit 
species,  but  has  mentioned  it  as  a  feature  of  hia  species,  Sp. 
\Protosalvinia)  BrazUiensU. 


itacroapores. — Usually  free  and  so  abundant  as  to  makenp 
the  principal  portion  of  the  rock.  In  form  spherical  or  ovoio, 
in  size  varying  from  one-fourth  to  one-half  a  millimeter  in 
diameter.  The  surface  is  slightly  papillose,  wall  thick  and 
made  up  of  radiating  vertical  fibers.  These  are  sometim» 
seen  to  extend  to  the  center  (probably  where  the  section  does 
not  pass  the  axis  of  the  spore),  but  usually  there  is  a  vacmt 
space  about  the  center  filled  with  crystalline  calcite.  Thii 
structure  suggests  that  of  the  bodies  known  as  Aetktolals 
Brongniart.      The    radiating  fibres    are  equally  marked  in 
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oth.     My  specimens  lack,  however,  the  granular  nucleus  of 
\etheotesia  and  are  very  much  smaller.     In  a  few  individuals 
have  noticed  what  appears  to  be  a  tubular  opening  through 
he  wall  of  the  spore  into  the  interior  cavity. 

Microspores. — ^Less  abundant  than  the  macrospores  are  minute 
XKlies  associated  with  them  and  measuring  from  one-eighth  to 
me-twentieth  millimeter  in  diameter.  These  are  round  or  ir- 
•egularly  oval  in  section,  enveloped  by  a  carbonaceous  coat, 
DUt  showing  no  structure.  I  have  found  no  cases  containing 
Lhein,  though  it  may  be  that  some  of  the  empty  cases  to  be 
found  originally  enclosed  them.  These  microspores  do  not, 
however,  seem  to  be  mixed  indefinitely  with  the  macrospores, 
but  are  generally  in  little  clusters  or  masses  by  themselves. 

These  bodies  are  known  as  yet  only  from  bowlders  of 
Marcellus  age,  which  are  found  in  the  township  of  Hopewell, 
N.  Y.  Notwithstanding  the  great  difference  in  the  size  of 
these  sporocarps  and  those  of  l^rotasalvima  bihbata  the  close 
agreement  in  more  essential  features  will  justify  our  regarding 
these  as  the  North  American  representatives  of  the  Brazilian 
type. 


Explanation  of  Fioubbs. 

1.  Sporangites  Hwonensia  Dawson. — Preserving  a  thin  carbonaceous  outer 
Vail  and  filled  with  calcite.  Enlarged  10  diameters.  From  the  Marcellus  shales, 
Canandaigua,  N.  Y. 

2.  Sporangites  Buronensisf  Dawson. — Showing  the  dense  wall  with  thicker 
exterior  and  interior  layers.  Interior  filled  with  calcite.  Enlarged  20  diameters. 
Prom  the  Comiferons  Limestone,  Mud  Creek,  Ontario  county. 

3.  Section  of  the  same  enlarged  to  show  the  structure. 

4.  A  somewhat  flattened  individual  of  the  same,  preserving  only  the  dense 
^jsterior  layer,  and  a  carbonaceous  mass  at  the  center.  This  is  the  usual  condi- 
tion oF  preservation  when  a  portion  of  the  wall  has  beei>  removed.  Enlarged  20 
diameters. 

5.  An  individual  of  the  same,  showing  the  nucleus-like  crystallisation  of  calcite 
in  what  may  have  been  the  original  interior  cavity.     Enlarged  20  diameters. 

6.  Sporcaigitea  (Protnsalvinia)  bUohata  Dawson. — A  sporocarp  containing  four 
i&acrospores  and  showing  traces  of  two  more.  The  structure  of  the  sporocarp  is 
Oct  well  preserved.  Enlarged  20  diameters.  From  the  calcareous  layers  of  the 
A£arcellus  epoch,  in  the  town  of  Hopewell,  Ontario  county. 

7.  A  sporocarp  of  the  same,  showing  its  structure  and  containing  three  macro- 
^res.     Enlarged  20  diameters. 

8.  The  same,  with  two  macrospores.     Enlarged  20  diameters. 

9.  The  same,  with  but  one  macrospore.  Such  forms  as  this  may  be  cross- 
BectioDB  of  sporocarps  containing  more  than  a  single  spore.  Enlarged  20 
diameters. 

)0.  A  similar  section,  showing  a  dehiscent  sporocarp.     Enlarged  20  diameters. 

11.  A  macrospore  somewhat  compressed  and  showing  an  apparent  opening  to 
ihe  interior  cavity.     Enlarged  20  diameters. 

12.  A  section  of  a  macrospore  enlarged  to  show  the  structure. 

13.  Microspores  of  this  species.     Enlarged  20  diameters. 
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Art.  XL. — Denudation  of  the  two  Americas  ;*  by  T.  Melubd 

Eeade,  C.E.,  F.G.S. 

Intboduction. 

When  in  1876  I  had  the  honor  to  deliver  a  Presidcniial 
address  to  this  Society  I  chose  as  its  sabject  matter  ''Geologi- 
cal Time,"  1  then  had  the  pleasure  to  lay  before  you  some  cal- 
culations relating  to  '*  Chemical  Denudation"  which  at  the  time 
f)osse8sed  some  little  novelty.  Since  the  information  was  pab* 
ished,  it  has  to  a  certain  extent  been  incorporated  with  geolog* 
ieal  literature.  The  subject  was,  however,  far  from  being 
exhausted,  nor  is  it  likely  to  be  so  for  many  years  jet  to 
come. 

In  the  meantime,  having  accumulated  additional  facts,  it  will 
be  part  of  the  object  of  this  address  to  arrange  and  analyse 
them,  so  as  to  check  the  original  generalizations  and  further  to 
illustrate  the  value  in  geological  speculation  of  an  accurate 
knowledge  of  the  relative  magnitude  of  the  various  objects  and 
things  dealt  with. 

My  former  calculations  dealt  almost  exclunively  with  the 
amount  of  matter  annually  removed  in  river  water  from  the 
surface  of  England  and  Wales,  and  from  some  of  the  river 
basins  of  Europe.  I  now  propose  laying  before  you  calcula- 
tions of  a  similar  nature  relating  to  some  of  the  larger  rivers  of 
the  two  Americas.  This  done  we  shall  be  able  to  take  a  wider 
survey  of  the  subject,  and  to  ascertain  how  far  the  provisional 
generalizations  to  which  previous  investigations  led  are  con- 
firmed or  otherwise  by  the  greater  experience  since  gained. 

The  Mississippi. 

First  then  we  will  see  what  the  Father  of  Waters,  the  Missis- 
sippi, tells  us.  I  may  observe  that  for  a  long  while  I  found 
great  difficulty  in  obtnining  answers  to  my  various  question- 
ings. Years  elapsed  and  letters  innumerable  were  wntten  be- 
fore I  could  alight  upon  any  analyses  of  the  waters  of  the  Mis- 
sissippi, reliable  or  otherwise.  At  last  through  the  kindness  of 
Prof.  J.  W.  Spencer,  of  the  State  University  of  Missouri,  I  was 
supplied  with  the  following  analysis: 

Analysis  of  Mississippi  water  near  Carrolton,  a  few  miles 
above  New  Orleans  :f 

*  Substance  of  Presidential  Address  to  the  Liverpool  Geological  Society,  Seiaoo 
1884-5.     Communicated  by  the  author, 
f  Avequin,  Journ.  Pharm.  [Hj,  xxxvii,  p.  268,  1867. 
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In  ▲  Gallon  (56,000  grains). 

Potash  sulphate, )  Grains. 

"       chloride,  V 3-164 

CSaldum  chloride,  ) 

Sflica, 2-466 

Alumina, 1*763 

Calciam  carbonate,   i  h  qa»t 

Magnesium    "         J ^'"^"^ 

Organic  matter, 0-818 

Total  solid  residue, 16*487 

According  to  this  analysis  the  proportion  of  total  solids  in 
Qtion  is  by  weight  j-^^j'  ^^  ^^  ^^^®  ^^^  mean  annual  dis- 
irge  of  the  Mississippi  at  541,666,666,666  tons*  in  round  fig- 
6,  there  are  160  million  tons  of  solids  in  solution  per  annum 
ired  into  the  Gulf  of  Mexico  by  the  Mississippi,  a  truly  re- 
rkable  quantity,  which  if  reduced  to  rock  at  16  feet  to  the 
I  is  represented  in  round  numbers  by  80  square  miles,  1  foot 
ck.  According  to  Messrs.  Humphreys  and  Abbot  the  pro- 
•tion  of  sedimentary  matter  to  the  water  by  weight  is  ^X^ 
1  the  total  discharge  of  matters  in  suspension  excluding  the 
ee  outlet  bayous  is  according  to  them  862,728,214  tons. 
The  amount  of  matters  in  solution  vary  within  certain  limits 
river  water  according  to  the  time  the  samples  are  taken.* 
lere  are  in  some  rivers,  the  Nile  for  instance,  seasonal  vari- 
ons,  and  doubtless  a  river  with  many  affluents,  traversing 
ata  of  various  degrees  of  solubility,  must  vary  in  the  chemi- 
1  composition  of  its  waters  according  as  the  flood  may  come 
)m  one  or  the  other  tributary  basin. 

If  we  take  the  drainage  area  of  the  Mississippi  proper  at 
114,000  square  miles,  the  calculated  amount  of  solids  in  solu- 
n,  according  to  the  analysis,  will  be  120  tons,  removed  from 
2h  square  mile  of  surface  per  annum.  From  the  surface  of 
igland  and  Wales  I  have  shown  that  143*5  tons  per  annum 
3  removed  in  solutionf  and  from  the  Danube  basin  90  tons,:j: 
that  this  is  a  mean  and  probably  correct 
It  has  been  estimated  that  the  basin  of  the  Mississippi  is 
vered  at  the  rate  of  one  foot  in  6,000t  years,  but  this  rate  has 
3n  calculated  from  the  removal  of  sediment  alone;  §  if  we  add 
the  matter  removed  mechanically  that  in  solution  it  will 
se  the  rate  to  one  foot  in  4,500  years.||     What  stronger  evi- 

Reportof  Humphreys  and   Abbott,  (1876),   p.  146,  19,500,000,000,000  cubic 
at  36  feet  to  the  ton. 

Geikie,  Text  book  of  Geology,  p.  444.  J  Chemical  Denudation,  p.  20. 

According  to  the  figures  I  have  taken  it  would  be  one  foot  in  6,376  years. 
This  is  estimated  as  follows:  Drainage  area  1,244,000  square  miles,  annual 
imentary  discharge  from  the  same  area  362,723,214  tons,  solids  in  solution 
.000,000  tons,  the  average  rock  estimated  at  16  feet  to  the  ton.  Strictly 
aking,  to  this  should  be  added  750,000,000  cubic  feet  of  matter,  estimated  to 
pushed  along  the  bottom  and  the  discharge  from  the  bayous.  For  simplicity's 
e  I  omit  these  elements. 
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dence  can  we  have  of  the  importance  of  chemical  action  in  geo- 
logical investigation;  an  importance  that  has  hitherto  been 
strangely  overlooked. 

Not  less  surprising  considering  the  apparent  insolubilitj  of 
silica  by  ordinary  agencies^  is  the  fact  tnat  in  round  nambers 
from  23,000,000  to  24,000,000  tons  of  silica  are  poured  into  the 
sea  annually  by  this  river,  while  there  are  70,000,000  tons  of 
carbonate  of  lime  and  magnesia.  There  is  also  an  exceptional 
quantity  of  alumina  and  a  low  percentage  of  sulphates  in  tbis 
water. 

The  Rivbb  Platb  ob  Rio  de  la  Plata. 

The  next  river  I  shall  deal  with  is  the  Rio  de  la  Plata— the 
second  greatest  river  of  the  South  American  continent.  I  am 
indebted  to  the  very  exhaustive  series  of  observations  and 
analyses  of  the  waters  of  the  river  contained  in  the  report  to  the 
Commission  of  running  waters  of  the  City  of  Buenos  Ayres 
by  Juan  J.  J.  Kyle  in  1872  and  1874,t  for  most  of  the  informa- 
tion relating  to  this  river. 

I  find  that  the  mean  of  14  analyses  of  water  taken  at  difi'er- 
ent  times  (April,  May  and  June)  in  the  neighborhood  of  and 
above  the  Citj^  of  Buenos  Ayres  gives  a  proportion  of  j^^  of 
solids  in  solution,  which,  taking  the  dry  weather  flow  of  tbe  La 
Plata  at  670,000  cubic  feet  per  second:!:  (Bateman),  will  equal 
2*8886  tons  per  second  or  91,000,000  tons  per  annum  in  round 
figures. 

The  dry  weather  flow  of  tbe  La  Plata  equals  the  mean  annual 
flow  of  the  Mississippi.  The  mean  annual  flow  of  theLaPlata 
is  not  known  but  it  must  be  greatly  in  excess  of  the  dry  weather 
flow  and  sufficient  to  bring  up  the  total  amount  of  dissolved 
matter  to  above  that  of  the  Mississippi  though  it  appears  from  the 
analysis  to  have  a  less  percentage  of  mineral  matters  in  its  waters 
than  has  the  Mississippi.  It  appears  from  the  report  of  1874 
that  in  two  analyses  of  the  La  r  lata  water  in  September  15th 
and  18th,  the  matter  in  solution  reached  a  proportion  of  y^. 
According  to  an  analysis  of  the  waters  of  the  Parana  supplied 
me  by  Dr.  Frankland§  they  contained  a  proportion  of  only 
TTtW  ^^  solids  in  solution.  Mr.  Juan  Kyle  states  that  there  is 
very  little  diilerence  between  the  waters  of  the  La  Plata  taken 
at  850  m.  from  the  shore  and  the  waters  of  the  Parana  de  los 
Palmas.     As  the  Parana  supplied,  according  to  careful  measure- 

*  Mr.  M.  E.  Wadaworth  has  shown  that  ordinary  atmospheric  agencies  produce 
a  greater  effect  upon  rocks  of  a  siliceous  character  than  is  generally  believe<L  See 
tliis  Journal,  Dec.  1884,  p.  466. 

f  I  must  here  express  my  thanks  to  Mr.  J.  E.  Hawkes  for  his  valuable  assist* 
ance  in  translating  the  pamphlet  for  me. 

1  See  Chemical  Denudation,  p.  55. 

§  See  Chemical  Denudation,  p.  23.     10  08  parts  per  100,000. 
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ment  by  Mr.  Bateman,  520,000  cubic  feet  of  water  to  the  La 
Plata,  while  the  Uruguay  was  estimated  at  only  150,000  cubio 
feet  at  the  same  time,  it  follows  that  the  chemical  constituents 
of  the  water  of  the  La  Plata  must  vary  considerably  at  different 
times  and  seasons.  Probably  the  analysis  on  which  I  have 
made  my  calculations  will  represent  a  fair  annual  mean  of  the 
solids  in  solution. 

The  estimated  drainage  area  of  these  two  rivers  is  1,250,000 
square  miles,  so  that  were  the  mean  annual  discharge  known 
it  would  probably  turn  out  that  the  greater  discharge  of  the  La 
Plata  would  more  than  compensate  for  the  smaller  per  centage 
of  dissolved  matters  in  its  waters  and  bring  the  chemical 
denudation  per  square  mile  of  river  basin  up  to  or  beyond  that 
of  the  Mississippi. 

The  observations  of  Mr.  Bateman  were  taken  in  the  month  of 
December,  1870,  when  the  river  was  at  its  lowest  state.  "  A 
continuous  drought  of  six  or  seven  months  having  diminished 
the  ordinary  sources  of  supply  and  the  periodical  rise  from  the 
Andes  not  having  commenced."  It  is  difficult,  nay,  impossible,^ 
to  predict  the  mean  delivery  from  the  dry  weather  flow,  but 
the  mean  flow  of  the  Bhine  is  given  by  Beardmore  as  over 
twice,  the  Bhone  at  Avignon  nearly  three  times,  and  the  Nile 
U  Cairo  over  seven  times  the  ordinary  summer  flow. 

The  waters  of  the  La  Plata  are  distinguished  by  the  fineness 
of  the  matter  held  in  suspension ;  this  consists,  according  to 
Mr.  Kyle,  principally  of  clay.  This  clay  continues  a  long  time 
in  suspension  even  after  filtering.  It  will  pass  through  the 
pores  of  the  best  filtering  papers,  the  water  preserving  its  tur- 
oidity  even  after  months  of  repose.  This  is  a  feature  according 
to  Mr.  Kyle  which  is  common  to  all  waters  that  are  weakly 
alkaline.  Several  chemicals  added  to  the  water  will,  however, 
precipitate  the  solid  matter  by  making  the  muddy  particles 
coagulate  into  larger  compound  particles.  Chloride  of  calcium 
in  toe  proportion  of  1  to  5,000  parts  will  act  in  this  manner^ 
The  analyses  given  by  Mr.  Kyle  are  of  the  water  after  48  hours 
subsidence,  so  that  the  unprecipitated  matter  is  included  in  the 
solids  in  solution.  The  matters  in  suspension,  as  is  the  case  with 
other  rivers,  vary  much  according  to  the  state  of  the  river  and 
the  water  is  more  impure  near  the  shore  than  at  850  m.  distant. 

It  is  pretty  well  known  that  an  admixture  of  seawater  with 
turbid  fresh  water  tends  to  hasten  the  precipitation  of  the  solid 
matters*  but  it  is  very  probable,  as  will  be  seen  before  I  con- 
clude, that  the  extremely  divided  solid  matter  will  be  carried 
far  and  wide  by  oceanic  currents  before  it  can  settle  to  the 
bottom. 

*  See  "precipitation  of  Clay  in  fresh  aud  salt  water,"  by  D.  Robertson,  Trans. 
Ok^gow  Oeol.  Soc.,  vol.  iv,  Part  III,  page  257. 
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The  annual  amounts  of  solids  in  suspension  in  the  La  Plata 
waters  has  never  to  my  knowledge  been  determined  or  even 
approximately  estimated. 

The  St.  Lawbbncb. 

The  next  river  on  the  American  Continent  of  which  we  have 
any  knowledge  worth  speaking  of  is  the  St.  Lawrence.  The 
elements  for  a  calculation  such  as  I  wish  to  make  are  however 
unfortunately  rather  vague.  Even  the  area  of  its  basin  is  stated 
•differently  by  diflferent  authors.  According  to  Quyot*  its  basin, 
including,  I  presume,  the  area  of  its  immense  lakes,  is  two-fiflhi 
that  of  the  Mississippi,  while  it  is  said  to  pour  into  the  sea  more 
than  twice  its  volume.  This  must,  however,  be  an  error,  for  it 
would  give  40  inches  of  rain  run  off  the  area  per  annum, 
whereas,  according  to  the  Rainfall  Map  of  the  Worlds  prepared 
by  Looinis  (this  Journal,  vol.  xxv,  p.  88,  Januarv,  1883) 
the  whole  basin  lies  in  the  area  of  rainfall  of  from  23 
to  50  inches.  If  we  were  to  take  it  at  20  inches  run  off  the 
ground  per  annum,  or  half  the  stated  delivery,  after  deducting 
the  area  of  the  great  lakes,  the  chemical  denudation  would  still 
be  enormously  great.  The  only  analysis  I  have  met  with  gives 
the  proportion  of  solids  in  solution  at  ^riWt  ^  ^^^^  ^^^  denuda- 
tion would  amount  to,  at  that  rate,  over  200  tons  per  square 
mile  per  annum.  The  one  thing  probable,  however,  is,  that 
the  matter  removed  in  solution  is  more  per  square  mile  than  in 
the  Mississippi  basin.  The  matter  removed  to  the  sea  in  sus- 
pension must  be  comparatively  small  from  the  clearness  of  the 
water  due  to  its  passing  through  the  great  lakes. 

The  Amazons. 

The  Elver  Amazons  is   compared  by  Agassiz  in  its  main 
features  to  the  Mississippi,  inasmuch  as  it  lies  in  a  Cretaceous 
basin.:j:     I  think,  however,  the  analogy  is  a  fanciful  one.    The 
valley  of  the  Amazons  is  distinguished  from  other  river  valleys 
by  its  immense  extent,  the  drainage  basin  being  estimated  by 
Humholdt  at  over  3  million  square  miles.     The  basin  appears 
to  have  existed  much  in  its  present  form  before  it  became  par- 
tially filled  with  the  remarkable  deposits  of  red  sandstones  and 
olays  covering  an  immense  area  which  the  river  is  now  engaged 
in  rapidly  removing  to  the  sea.     The  upland  portions  of  the 
basin  are  largely  composed  of  the  granitic  and  crystalline  rocks 
which  are  so  prominent  a  feature  in  the  Brazils.      The  sand- 
stones and  clays  that  have   so   large  a  development  over  the 
bottom  of  the  basin  appear  to  be  Post-tertiary  and  laid  down 
by  the  river  itself  in  more  ancient  times.     There  are,  however, 

*  Physical  Geography.      f  1606  per  100,000  parts,  Jahresbericht  der  Chemie. 
i  Geological  sketches — Physical  History  of  the  Valley  of  the  Amazom,  p.  17 1. 
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Fertiary  rocks  in  a  part  of  the  basin^  possessing  an  estuarine 
character  in  addition  to  Cretaceous  rocks,  while  on  the  flanks 
>f  the  Andes  draining  into  the  river  are  found  both  cretaceous 
md  Carboniferous  rocks.  The  larger  area  of  the  basin  appears, 
lowever,  to  be  occupied  by  crystalline  rocks  and  the  Postter- 
:iary  sandstones  and  clays ;  but  a  very  large  part  of  the  basin 
leems  never  to  have  been  geologically  explored.  The  basin  of 
he  Amazons  has  also  the  peculiarity  of  being  situated  both  to 
;he  north  and  south  'of  the  equator  and  in  an  area  of  very 
leavy  rainfall.  The  chart  of  mean  annual  rainfall  by  Loomis 
i)efore  referred  to  puts  it  at  from  50  to  75  inches  tor  about 
\  of  its  area,  the  remainder  near  the  Andes  being  over  76 
inches.  The  volume  of  water  discharged  by  the  river  has  been 
estimated  at  from  2,700,000  to  8,510,000  cubic  feet  per  second. 
Taking  the  mean,  this  would  give  about  15  inches  run  ofif  the 
Bfround,  or  0*25  of  the  total  rainfall  if  we  take  it  at  60  inches, 
about  the  proportion  that  flows  off  the  Mississippi  basin.  The 
mean  rainfall  of  the  Mississippi  basin  is  estimated  by  Messrs. 
Humphreys  and  Abbot  at  304  inches.  Probably  60  inches, 
woula  represent  the  mean  rainfall  of  the  Amazons  basin.  For 
the  purposes  of  this  calculation  I  take  the  mean  discharge  at 
3,10*5,000  cubic  feet  per  second,  or  86,250  tons= 2,719,980,000, 
000  tons  per  annum.f 

Through  the  good  offices  of  Mr.  E.  Edmondson  of  Messrs. 
Gunston  &  Co.,  of  this  city,  I  have  obtained  a  sample  of  the 
water  of  the  Amazons,  taken  in  mid-stream  between  the  Narrows 
and  Santarem  in  June  of  this  year.  This  sample  I  submitted 
to  Dr.  Pery  I.  Frankland  for  analysis  with  the  following  result : 

Pabts  in  100,000. 

SUica 0-98 -. 

Iron  and  alumina - 0-38^ 

Carbonate  of  lime 2*76  ^ 

Carbonate  of  magnesia 0*22 

Sulphate  of  magnesia, 0-37  - 

Chlorate  of  potassium 0*23 

Chloride  of  sodium... 0-15 

Sulphate  of  soda 0*13 

Organic  matter 0*71 

Total  Bolidfl  in  solution 6*92 

*See  "  On  the  Tertiary  deposits  on  the  Solimoes  and  Javurj  Rivers  in  Brazil 
bj  C.  Barrington  Brown,  Quart.  Joum.  Geol.  Soc.,  1879,"  also  "Ancient  River 
Iteponts  of  the  Amazons,"  ibid. 

t Bates,  Naturalist  on  the  Amazons,  vol.  i,  page  237,  says:  Yon  Martins  esti- 
mates the  volume  of  water  passing  through  the  straits  of  Obydos  at  499,584  cubic 
feet  per  second.  He  arrives  at  this  result  by  taking  the  depth  m  the  middle  at  60 
fathoms  and  at  the  sid^  20  fathoms,  the  width  is  given  at  1738  yards.  Suspect- 
ing some  error — as  the  volume  of  the  La  Plata  in  dry  weather  exceeds  this  esti< 
mated  volume  of  the  Amazoos — I  have  re-calculated  the  delivery  from  these 
elements  and  find  that  it  cannot  be  less  than  3,000,000  cubic  feet  per  second,  but 
maybe  more  aooording  to  the  form  of  the  bottom.  Our  gratitude  is  due  to  those 
who  give  us  the  means  of  checking  their  results. 
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This  gives  a  proportion  of  total  solids  insolation  of  j^.^g^or 
5*1  tons  per  secona. 

The  total  delivery  of  matters  in  solution  will  amount,  accord- 
ing to  these  data,  to  160,888,600  tons  per  annum,  or,  if  we  esti- 
mate the  basin  at  3,000,000  square  miles,  to  60  tons  per  sqatre 
mile  per  annum. 

It  will  be  observed  that  the  total  amount  delivered  to  the  sea 
of  solids  in  solution  is  not  much  greater  than  that  we  arrived  at 
for  the  Mississippi.  This  is  a  fact  worth  knowing  and  dae 
doubtless  to  the  preponderance  of  gneissic  rocks  and  sandstones 
and  clays  of  an  insoluble  character.  It  is  also  worth  noting 
that  the  proportion  of  silica  to  the  total  matter  in  solution  cor- 
responds very  closely  with  that  of  the  Mississippi,  amounting  to 
26,624,481  tons  per  annum.  It  is  also  evident  that  the  rocks 
and  Pampean  deposits*  occupying  the  basin  of  the  La  Plata 
are  also  of  a  more  calcareous  and  soluble  character  than  the 
Amazonian  Bocks.  Not  less  interesting  is  it  that  the  carbon* 
ate  of  lime,  roughly  speaking,  is  one  half  of  the  whole  of  the 
solids  in  solution.f 

It  follows  from  these  data  that  the  matter  removed  in  sus- 
pension must  bear  an  excessive  proportion  to  those  in  solutio 
as  compared  to  other  rivers.  Tne  deposits  forming  the  bank 
of  the  river  are  of  a  loose  and  friable  nature  on  which  th 
river  makes  great  inroads.  The  proportion  of  matters  in  so 
pension  has  never  to  my  knowledge  been  estimated. 


comparing  the  Para  and  the  main  Amazons,  says,  ''In  th< 
former  the  flow  of  the  tide  always  creates  a  strong  current  up 
wards,  while  in  the  Amazons  the  turbid  flow  of  the  might; 
stream  over-powers  all  tides,  and  produces  a  constant  down 
ward  current.  The  color  of  the  water  is  different,  that  of  th  e 
Pari  being  of  a  dingy  orange-brown,  while  that  of  the  AmazonvB^s 
has  an  ochreous  or  yellowish  clay  tint,''  also  "Indeed  the  fres  h 
water  tinges  the  sea  along  the  shores  of  Guiana  to  a  distance  c  3f 
nearly  200  miles  from  the  mouth  of  the  river. ":j: 

Inferences  and  Generalizations. 

In  my  former  address  I  said,  "Taking  into  consideratioc:!:^^^^ 
what  we  know  of  the  geology  of  the  world,  I  think  we  haw^^^ 
sufficient  grounds  for  a  provisional  assumption  that  about  IC — -^^ 
tons  of  rocky  matter  are  dissolved  by  rain  per  English  squac  ^»r® 
mile  per  annum. *'§  This  at  the  time  was  considered  a  very  bo'  -^W 
statement,  bat  from  the  daia  I  have  laid  before  you  respecti 
the  American  continents  I  venture  to  think  it  will  be  now  c< 


S 
fl- 


*  Seo  Geological  Observations,  Darwin,  Second  Edition,  pp.  .313  to  369. 
4*  Seo  Chemical  Denudation,  p.  24.    %  Naturalist  on  the  Amazons,  yoL  i,  p. 
§  Chemical  Denudation,  p.  24. 
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$red  as  applied  to  the  whole  world  a  very  fair  approxi- 

;ion. 

let  us  pause  to  consider  the  meaning  of  all  these  figures,  for 

3SS  they  have  a  meaning  which  the  mind  and  imagination 

seize  upon,  the  wearisome  labors  of  collecting  the  data  and 

:ing  the  computations  were  well  nigh  wasted. 

irst,  as  regards  the  Mississippi,  of  which  we  possess  the  most 

Me  particulars. — I  have  shown  that  the  estimate  of  the  rate 

lenudation  of  its  basin  must  be  increased  in  round  figures 

^  Wnr  ^  nAnr  ^^  ^  ^^^^  P®^  annum*  in  consequence  of  the 
d  matter  which  is  removed  in  solution.  Is  it  not  a  striking 
ance  of  the  little  importance  attached  to  chemical  denuda- 
i  as  a  geological  agent,  when  the  matter  removed  in  solution 
s  not  enter  as  an  element  into  the  calculations  of  such 
observant  reasoner  as  a  Geikie  or  a  Oroll.  Thus  we  arrive  at 
first  and  not  unimportant  result  which  I  promised  from 
^ntitative  examination.  Now  mark,  it  is  not  that  geologists 
e  unaware  of  the  effect  of  chemical  action  on  the  rocks. 
:e  up  any  text-book  or  manual  and  you  will  find  a  chapter 
otea  to  it  and  the  whole  process  correctly  explained,  never- 
less  the  quantity  of  matter  removed  was  not  realized  and 
er  could  have  been  except  through  laborious  calculations, 
it  being  done  it  is  easy  to  see  how  these  great  results  occur, 
imine  the  hardest  rock  and  you  will  find  it  weathered,  you 
.  find  it  coated  over  with  a  crust,  of  a  thickness  varying 
h  the  time  its  surface  has  been  exposed.  This  crust  is  com- 
3d  of  the  constituents  of  the  rock  that  remain  after  part  have 
a  removed  by  chemical  action.f  Examine  the  waste  talus 
a  some  of  the  old  quarries  at  Penmaenmawr  and  you  will 
that  atmospheric  agents  have  in  the  space  of  SO  years  per- 
bibly  affected  a  felstone  rock  that  seems  at  first  sight  abso- 
;ly  indestructible.:]:  How  much  more  then  must  they  affect 
cs  of  a  more  friable  and  soluble  nature.  I  have  shown  that 
of  a  foot  per  annum  is  removed  from  the  surface  of  Eng- 
Wales  in  a  soluble  form  every  year,§  say  xtjVt  ^^  ^^ 
3,  so  that  in  30  years  it  would  amount  to  ^  of  au  inch. 


i  and 


rhis  calculation  as  before  explained  takes  no  account  of  matters  pushed  along 
>otiom,  they  have  not  been  determined  with  much  accuracy  and  it  is  probable 
[r.  A.  Tylor  has  suggested  there  is  more  than  has  been  estimated.  ThiH  would 
ler  reduce  the  time. 

It  is  usual  to  refer  this  action  entirely  to  the  carbonic  acid  present  in  the  rain 
)r,  but  Mr.  Alexis  A.  Julien  has  brought  forward  a  great  body  of  facts  to 
e  that  the  solvents  of  the  rocks  are  largely  organic  acids  existing  in  decaying 
stable  matter.  "On  the  geological  action  of  the  Humous  Acids."  Proc.  of  the 
)rican  Assoe.  for  the  Advancement  of  Science,  Saratoga  meeting,  1879. 
This  stone  is  largely  used  for  making  *'  setts  "  for  street  paving,  sold  under 
name  of  **  Welsh  granite  setts,"  and  found  to  be  the  most  lasting  material  for 
purpose. 
Chemical  Denudation. 
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This  is  the  mean  denudation,  but  I  have  also  shown  that  the 
denudation  is  very  much  equalized  by  the  fact  of  the  harder 
rocks  usually  occurring  in  areas  of  great  rainfall.* 

It  is  therefore  not  unlikely  that,  if  we  were  to  institute  accu- 
rate experiments  over  a  sufficiently  long  time,  it  would  turn  out 
that  the  calculation  of  the  amount  of  matter  removed  in  solu- 
tion could  be  verified  by  direct  tests,  and  that  even  these  hard 
rocks  would  be  found  to  waste  at  something  near  the  indicated 
rate.  It  would  appear  from  the  examples  of  the  Mississippi, 
the  Nile  and  Danube  that  the  matter  brought  down  in  solution 
and  sui«pension  is  as  1  to  3. 

These  examples  are  of  rivers  where  there  have  been  the  most 
accurate  and  fullest  data  to  judge  by.  Whether  the  propor- 
tion would  be  borne  out  in  other  river  basins  we  have  no  very 
good  means  of  judging;  but  it  would  appear  that  in  large  rivers 
the  nature  of  the  rocks  is  so  varied,  the  areas  being  so  exten- 
sive, that  the  relation  of  the  materials  in  solution  to  those  in 
suspension  have  a  tendency  to  keep  very  constant.  It  will  be 
seen  from  a  consideration  of  these  racts  that  matters  chemically 
dissolved  in  the  water  must  play  a  much  more  important  rdi 
in  the  reconstruction  of  the  eartn  than  was  formerly  suspeoted.f 

What  becomes  of  all  these  mineral  matters  ceaselessly  flowing 
into  the  sea  ?  It  has  been  shown  by  Mr.  Buchanan:^  that  the 
proportions  of  mineral  matters  to  each  other  in  sea  water  i» 
nearly  constant  everywhere,  although  there  is  a  variation  in 
difierent  seas  in  the  proportion  of  total  mineral  matter  in  solu- 
tion to  the  water  it  is  dissolved  in.  Nature  has  achieved  a  bal- 
ance  of  supply  and  demand.  It  is  also  well  known  that  tbe 
coarser  matters  in  suspension,  unless  brought  under  the  influ- 
ence of  a  strong  current,  settle  near  the  mouths  of  the  rivers 
and  then  spread  themselves  by  help  of  tides  and  winds  along 
the  coast  and  there  mingle  with  the  detritus  the  sea  wears  away 
from  the  coast.  The  finer  particles  distribute  themselves  over 
a  larger  area  and  probably  the  very  finest  over  the  whole  sea 
bottom.  In  every  ocean  dredging  there  is  a  greater  or  less 
amount  of  argillaceous  matter,  whether  it  be  in  the  ooze  or  the 
red  clay,  which  I  suggest  is  more  likely  to  be  the  "dust  of 
continents,"  than  to  arise  from  the  disintegration  of  volcanic 
matter,  such  as  pumice,  but  it  is  no  doubt  largely  mingled 
with  such  volcanic  matters  as  Mr.  Murray  clearly  shows.  It 
seems  to  me  rather  a  far-fetched  notion  that  the  winds  should 
contribute  dust  to  the  deepest  ocean,  but  that  the  waters  should 
make  no  mechanical  contribution  to  the  deposit.     The  bulk  of 

*  Chemical  Denudation. 

f  It  is  Hinpfular  that  HuttOD  in  his  theory  of  the  earth  estimates  at  a  gross 
computution  "  that  the  fourth  of  the  solid  land  is  composed  of  matter  which  hsd 
formed  the  calcareous  tests  of  animals  " 

J  Challenger  Reports. 
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Dcean  water  is  so  great  as  compared  to  the  probable  amount 
latter  in  a  state  of  the  finest  comminution  that  can  get  into 
lat  it  might  not  even  be  possible  to  detect  its  presence  in  a 
pie  of  ocean  water.  At  the  same  time  it  might  contain 
e  sufficient  to  account  for  much  of  the  argillaceous  matter 
id  in  the  deep  ocean  soundings.  I  have  shown  that  the 
ters  in  solution  in  rain  waters  are,  roughly  speaking,  one 
rter  of  the  whole  matter  in  the  water  in  solution  and  sus- 
jion.  The  finest  particles,  sufficiently  fine  to  be  carried 
y  by  oceanic  surface  currents,  such  as  the  Gulf  Stream,  are 
>ably  not  in  bulk  half  as  great  as  the  matter  in  solution, 
ire  take  as  an  example  the  estimate  I  have  given  of  the 
mical  denudation  of  England  and  Wales  it  amounts,  as  I 
e  already  shown,  to  ^  of  an  inch  in  80  years.  This  would 
^,  supposing  the  impalpable  mud  to  be  worn  off  at  half  that 
,  60  years  for  the  denudation  of  ^of  an  inch.  The  area  of 
sea  to  land  is  roughly  as  8  to  1,  therefore  at  this  rate  it 
lid  take  180  years  for  ^  of  an  inch  of  mud  converted  into 
c  to  accumulate  if  distributed  evenly  over  the  ocean  floor* 
en  we  consider  the  average  depth  of  the  ocean  is  over  two 
^,  ^  of  an  inch  distributed  through  it  would  amount  to  no 
e  than  about  one  five-millionth  part,  and  this,  be  it  remem- 
3d,  has  180  years  to  accumulate  and  settle,  so  that  if  we  give 
3  particle  of  these  fine  matters  in  suspension  10  years  to 
le  to  the  bottom  there  would  never  be  in  the  ocean  water  at 
lime  more  than  one  ninety-millionth  part  of  matters  in  sus- 
sion,  an  amount  so  small  as  to  be  practically  imperceptible. 
3  probability  that  such  an  infinitesimal  amount  of  matter  in 
pension  may  be  present  is  still  more  evident  when  we  find 
t  fine  sand  floats  on  the  surface  of  the  sea  for  considerable 
tances,  for  Prof.  Verrill  says  that  in  the  course  of  the  Gulf 
earn  they  always  take  with  their  towing  nets  more  or  less 
3  siliceous  sand*  (this  Journ.,  1882,  xxiv,  p.  449). 
;  think  it  is  fairly  evident  from  the  foregoing  calculations 

Prof.  A.  E.  Verrill  also  pays  that,  in  the  Gulf  Stream  slope  examined  by  uh, 
bottom  in  70  to  300  fathoms,  60  to  120  miles  from  the  shore,  is  composed 
oly  of  very  fine  sand,  largely  quartz,  with  grains  of  feldspar,  mica,  maguetite, 
;  with  it  there  is  always  a  cousiderable  percentage  of  shells  of  foraminifera 
other  calcareous  organisms,  and  also  spherical.  rod>1ike  and  stellate  sand-cov- 
1  rhizopods  often  in  large  quantities.  In  the  deeper  localities  there  is  usually 
re  or  less  genuine  mud  or  clay,  but  this  is  often  almost  entirely  absent  even  in 
)  to  500  fathoms.  The  sand  however  is  often  so  tfne  as  to  resemble  mud  and 
requently  so  reported  when  tlie  preliminary  soundmgs  are  made  and  recorded/^ 
he  prevalence  of  fine  sand  along  the  Gulf  Stream  slopes  in  this  region  and  the 
larkable  absence  of  actual  mud  or  clay  deposits  indicate  that  there  is  here  at 
I  bottom  sufficient  current  to  prevent  for  the  most  part  the  deposition  of  fine 
liliaceous  sediments  over  the  upper  portion  of  the  slope  in  65  to  1 50  fathoms. 
?h  materials  are  probably  carried  along  till  they  eventually  sink  into  the  jrreater 
)th8  nearer  the  base  of  the  slope,  or  beyond  in  the  ocean  basin  itself,  where  the 
Tents  are  less  active."    (This  Journal,  vol.  xxiv,  pp.  448-9,  1882.) 
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that  there  may  bo  accumulations  going  ob  in  the  great  oceans 
which  we  can  no  more  see  than  we  can  the  matters  in  solution.* 
It  is  only  because  the  mineral  matters  get  concentrated  in  the 
sea  water  that  they  are  forced  upon  our  notice.  They  slowly 
concentrate  until  a  balance  is  attained  and  they  are  removed 
from  the  sea  water  at  the  same  rate  that  they  are  poured  into 
it 


Art.   XLI. — On   Arctic  Interglacial  Periods;   by  Jaues 

Croll,  LLD.,  F.R.S.t 

Polar  Interglacial  Periods  more  marked  than  the  OlaciaL-— In 
a  former  paper,:]:  and  also  in  *  Climate  and  Time  '  (chap,  xvi),  it 
was  pointed  out  that  in  temperate  regions  the  cold  periods  of 
the  Glacial  epoch  would  be  far  more  marked  than  the  warm 
interglacial  periods.  In  temperate  regions  the  condition  of 
things  which  prevailed  during  the  cold  periods  would  diflFerfar 
more  widely  from  that  which  now  prevails  than  would  the  con- 
dition of  things  during  the  warm  periods.  But  as  regards  the 
polar  regions  the  reverse  would  be  the  case ;  there  the  warm 
interglacial  periods  would  be  more  marked  than  the  cold 
periods.  The  condition  of  things  prevailing  in  these  regions 
during  the  warm  periods  would  be  in  strongest  contrast  to 
what  now  obtains;  but  this  would  not  hold  true  in  referenceto 
the  cold  periods,  during  which  matters  would  be  pretty  much 
the  same  as  at  present,  only  somewhat  more  severe.  In  short, 
the  glacial  state  is  the  normal  condition  of  the  polar  regions, 
the  interglacial,  the  abnormal.  At  present  Greenland  and 
other  parts  of  the  Arctic  regions  are  almost  wholly  covered 
with  snow  and  ice,  and,  conseauently,  nearly  destitute  of  vege- 
table life.  In  fact,  as  regards  organic  life  in  those  regions, 
matters  during  the  Glacial  epoch  would  not  probably  be  much 
worse  than  they  are  at  the  present  day.  Greenland  and  the 
Antarctic  continent  are  to-day  almost  as  destitute  of  plant-life 
as  they  could  possibly  be.     Although,  in  opposition  to  what  is 

*  Mr.  Thomas  Hipgin,  F.L.S.,  of  Anderton  Salt  Works.  Northwich,  prepares  hii 
finest  quality  of  salt  by  precipitating  the  alight  proportion  of  muddy  impurities 
which  the  cold  brine  holds  in  suspension  by  heating  it  in  large  vats.  At  my 
suggestion  he  carried  out  a*  series  of  experiments  to  determine  the  proportioo 
of  mud  so  removed,  lie  found  that  it  amounted  to  57  lbs  per  1,556 tonsof 
brine=({ii4g.  Looking  at  the  brine,  purified  and  unpurifled  together  in  detn 
bottles,  the  difference  between  them  is  so  faint  as  to  be  hardly  distinguisbible. 
It  of  course  affects  the  color  of  the  manufactured  salt  to  a  much  greater  extent 
both  by  the  higher  proportion  the  impurities  bear  to  the  salt  and  the  whiteoeM 
of  the  salt. 

J  Phil.  Mag.,  Jan.,  1885.     Communicated  by  the  author. 
Phil.  Mag.,  May,  1884,  p.  375;  this  Journal,  June,  1884. 
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be  true  in  reference  to  the  temperate  regions,  the 
rglacial  periods  were  more  marked  than  the  glacial, 
Dt  follow  that  on  this  account  the  relics  of  the  inter- 
iriods  which  remain  ought  to  be  more  abundant  in 
1  in  temperate  regions.  On  the  contrary,  the  reverse 
DC  the  case.  In  the  polar  regions,  undoubtedly,  there 
celihood  of  finding  traces  of  interglacial  periods;  for 
all  other  places,  the  destruction  of  such  traces  would 
omplete.  The  more  severe  the  glaciation  following  a 
iod,  the  more  complete  would  be  the  removal  of  the 
)elonging  to  the  period.  If  in  such  places  as  Scot- 
Scandinavia  so  little  is  left  of  the  wreck  of  inter- 
riods,  it  »»eed  be  a  matter  of  no  surprise  that  in  Arctic 
3arcely  a  relic  of  those  periods  remains.  The  com- 
.bsence  in  polar  regions  oi  organic  remains  belonging 
I  interglacial  period  cannoi  therefore  be  adduced  as 
against  the  probable  existence  of  such  a  period, 
lid  expect  to  find  such  remains  in  ice-covered  regions 
inland  and  Spitzbergen  ?  Although  not  a  trace  is 
e  found,  it  is  nevertheless  quite  possible  that  during 
al  periods  those  regions  may  have  enjoyed  a  compara- 
Id  and  equable  climate. 

:e  fi'om  the  Mammoth  in  Siberia, — This  comparative 
)f  the  remains  of  a  warmer  condition  of  climate  in 
gions  during  Pleistocene  times  holds  true,  however, 
•egard  to  those  parts,  like  Greenland,  which  have 
e  severe  glaciation.  When  we  examine  Siberia  and 
ces  which  appear  to  have  escaped  the  destructive 
the  ice,  we  find,  from  a  class  of  facts,  the  physical 
ze  of  which  appears  to  have  been  greatly  overlooked, 
proofs  of  a  mild  and  equable  condition  of  climate. 
3  facts  connected  with  the  climatic  condition  under 
3  Siberian  Mammoth  and  his  congeners  lived.  The 
3t  that  the  Mammoth  lived  in  Northern  Siberia  proves 
le  time  the  climate  of  that  region  must  have  been  far 
from  what  it  is  at  the  present  day. 
inion  was  long  held,  and  is  still  held  by  some,  thai 
moth  did  not  live  in  Northern  Siberia,  where  his 
ire  found,  but  in  more  southern  latitudes  and  that 
lains  were  carried  down  by  rivera  It  was  considered 
3  that  an  animal  allied  to  the  Elephant,  which  now 
y  in  tropical  regions,  should  have  existed  under  a 
o  rigorous  as  that  of  Siberia.  The  opinion  that  the 
vere  floated  down  the  Siberian  rivers  is  now,  however, 
d  by  Russian  naturalists  and  other  observers  who 
fully  examined  the  oountry. 

R.  Soi.— Third  Skbibs,  Voi^  XXTY,  No.  172.— April,  1B8S. 
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I  shall  here  give  a  brief  statement  of  the  facts  and  ai^anientg 
which  have  been  adduced  in  support  of  the  theory  that  the 
Mammoth  lived  and  died  where  its  remains  were  found.    For 
these  facts  I  am  mainly  indebted  to  the  admirable  papers  bj 
Mr.  Howorth  on  the  Mammoth  in  Siberia,  which  appeared  in 
the  Geological  Magazine  for  1880. 

Had  the  remains  of  the  Mammoth  been  carried  down  from 
the  far  south  by  the  Siberian  rivers,  they  would  have  been 
found  mainly,  if  not  exclusively,  on  the  banks  of  the  long 
rivers,  such  as  the  Obi,  Yenissei  and  the  Lena,  and  in  the 
deltas  formed  at  their  mouths.  But  such  is  not  the  case 
"  These  are,"  says  Mr.  Howorth,  "  found  even  more  abundantly 
on  the  banks  of  the  very  short  rivers  east  of  the  Lena.  They 
are  found  not  only  on  the  deltas  of  these  rivers,  but  faraway 
to  the  north,  in  the  islands  of  New  Siberia,  beyond  the  reach 
of  the  currents  of  the  small  rivers,  whose  mouths  are  opposite 
those  islands."  But  a  more  convincing  proof  is  that  '^  they  are 
found  not  only  in  North  Central  Siberia,  where  the  main 
arteries  of  the  country  flow,  but  in  great  numbers  east  of  the 
river  Lena,  in  the  vast  peninsula  of  the  Chukchi,  in  the 
country  of  the  Yukagirs,  and  in  Kamtskatka,  where  there  are 
no  rivers  down  which  they  could  have  floated  from  more  tern- 

Eerate  regions."  Besides,  it  is  not  merely  in  the  deltas  and 
anks  of  rivers  that  the  remains  are  found,  but  in  nearly  all 
parts  of  the  open  tundra;  and  Wrangell  says*  that  the  best,  as 
well  as  the  greatest  number  of  remains  are  found  at  a  certain 
depth  below  the  surface  in  clay-hills,  and  more  in  those  of  some 
elevation  than  along  the  low  coast  or  in  the  flat  tundra. 

Had  the  Mammoth  lived  in  the  south  we  should,  as  Mr. 
Howorth  further  remarks,  have  found  its  remains  most  abund- 
ant in  the  south,  whereas  the  farther  north  we  go  the  remains 
become  more  abundant,  and  in  the  islands  of  the  Liachof 
archipelago,  in  about  latitude  74°,  the  greatest  quantities  have 
been  discovered.  Again,  according  to  Hedenstrom,  the  hones 
and  tusks  found  in  the  north  are  not  so  large  and  heavy  as 
those  in  the  south  ;  a  fact  which  still  further  confirms  the 
opinion  that  the  Mammoth  lived  where  his  remains  are  found, 
inasmuch  as  the  greater  severity  of  the  climate  in  northern 
parts  would  certainly  hinder  the  growth  and  full  development 
of  the  animal. 

NorOiern  Siberia  much  warmer  during  the  Mammoth  EpoA 
than  now, — It  is  true  that  the  Mammoth  and  the  Rhinoceroi 
tichorhinus  were  furnished  with  a  woolly  covering  which  would 
protect  them  from  cold  ;  but  it  is  nevertheless  highly  improba* 
ble  that  they  could  have  endured  a  climate  so  severe  as  that 
of  Northern  Siberia  at  the  present  day,  where  the  ground  is 

*  Polar  Sea  Ezpedilion,  English  tranalatioD,  p.  276. 
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Dvered  with  snow  for  nine  months  in  the  year  and  the  tempera- 
ire  is  seldom  much  above  zero  Fahr.  And  even  if  they  could 
ave  endured  the  cold,  they  would  have  starved  for  want  of 
3od.  Some  parts  of  Siberia  are  no  doubt  fertile,  as,  for  ex- 
mple,  the  valley  of  the  Yenisei,  described  by  Nordenskjold  ;* 
>ut  there  is  little  doubt,  as  Mr.  Howorth  remarks,  that  the 
arger  portion  of  Northern  Siberia,  where  the  Mammoth  and 
he  Rhinoceros  lived,  is  now  a  naked  tundra  covered  with  moss, 
»n  which  no  tree  will  grow.  On  such  ground  it  is  physically 
mpossible  that  the  Mammoth  and  Rhinoceros  could  exist,  for 
hey  cannot  graze  close  to  ground  like  oxen.  They  live  on 
ong  grass  and  on  the  foliage  and  small  branches  of  trees. 

EvUenct  from  Wood. — The  fact  that  the  Mammoth  was  most 
ibundant  beyond  the  present  northern  limit  of  wood  is  pretty 
jood  evidence  that  the  climatic  condition  of  Northern  Siberia 
most  have  been  milder  than  now.  Wood  must  have  extended, 
in  the  days  of  the  Mammoth,  far  beyond  its  present  limit, 
probably  as  far  north  as  New  Siberia  :  facts  of  observation  sup- 
port this  conclusion. 

The  wood  found  in  Northern  Siberia  consists  of  two  classes 
—the  one  is  the  result  of  drift,  the  other  grew  on  the  spot. 
The  natives  call  the  former  **  Noaahina,"  and  the  latter  "  Adam* 
ihina ;"  and  the  division  is  supported  by  Goppert,  "  who  sepa- 
rates the  trunks  of  timber  found  in  Northern  Siberia  into  a 
Dorthern  series,  with  narrow  rings  of  annual  growth,  and  a 
Boathern,  with  wider  onea  The  latter  doubtless  floated  down 
the  rivers,  as  great  quantities  do  still ;  while  the  former  probably 
grew  here  witn  the  Mammoth." 

In  the  middle  of  October,  1810,  Hedenstrom  went  across  the 
tandra  direct  to  Ustiansk.  "On  this  occasion,"  he  says,  "I 
observed  a  remarkable  natural  phenomenon  on  the  Chastach 
Laka  This  lake  is  14  versts  long  and  iS  broad,  and  everv 
aotamn  throws  up  a  quantity  of  bituminous  fragments  of  wood, 
with  which  its  shores  in  many  places  are  covered  to  the  depth 
of  more  than  2  feet  Among  these  are  pieces  of  a  hard  trans- 
pureDt  resinous  substance,  burning  like  amber,  though  without 
Its  agreeable jperf  uma  It  is  probably  the  hardened  resin  of  the 
larch  tree.  The  Chastach  Lalce  is  situated  115  versts  from  the 
sea  and  80  versts  from  the  nearest  forest  "f 

On  the  same  journey  Hedenstrom  noticed  "  on  the  tundra, 
equally  remote  from  the  present  line  of  forest,  among  the  steep 
sandy  banks  of  the  lakes  and  rivers,  large  birch  trees,  com- 
]riete,  with  bark,  branches  and  root  At  tne  first  glance  they 
appeared  to  have  been  well  preserved  by  the  earth ;  but,  on 
digging  them  up,  they  are  found  to  be  in  a  thorough  state  of 
decay.     On  being  lighted  they  glow,  but  never  emit  a  flame: 

*  •  Nature,*  Dec.  2, 1876.  t  Wrangell,  p.  491. 
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nevertheless  the  inhabitants  of  the  neighborhood  use  them  as 
fuel,  and  designate  these  subterranean  trees  as  Adamoushtthina^ 
or  of  Adam's  time.  The  first  living  birch  tree  is  not  found 
nearer  than  three  degrees  to  the  south,  and  then  only  in  the 
form  of  a  shrub."* 

On  the  hills  in  the  interior  of  the  Island  of  Koteloni  "Sanni- 
kow  found  the  skulls  and  bones  of  horses,  buffaloes,  oxen  and 
sheep  in  such  abundance  that  these  animals  must  formerly  have 
lived  there  in  large  herds.  At  present,  however,  the  icy  wilder- 
ness produces  nothing  that  could  aflford  them  nourishment,  nor 
would  they  be  able  to  endure  the  climate.  Sannikow  concludes 
that  a  milder  climate  must  formerly  have  prevailed  here,  and 
that  these  animals  may  therefore  have  been  contemporary  with 
the  Mammoth,  whose  remains  are  found  in  every  part  of  the 

island."! 

**  Herr  von  Ruprecht  reported  to  Brandt  that,  at  the  moaih 

of  the  Indiga,  in  67°  39'  N.  lat.,  on  a  small  peninsula  called 
Chernoi  Noss,  where  at  present  only  very  small  birch  bushes 
grow,  he  found  rotten  birch  trunks  still  standing  upright,  of 
the  thickness  of  a  man's  leg  and  the  height  of  a  man.  In  going 
up  the  river  he  met  with  no  traces  of  wood  until  he  reached  the 
port  of  Indiga.  Here  he  noticed  the  first  light-fir  woods  grow- 
ing among  still  standing  but  dead  trunks.  And  higher  up  the 
river  still,  the  living  woods  fairly  began. ":|: 

Schmidt  says  that,  "  where  the  lakes  on  the  tundra  have 
grown  small  and  shallow,  we  find  on  and  near  their  banb  a 
layer  of  turf,  under  which,  in  many  places,  are  remains  of  irtu 
in  good  condition^  which  support  the  oilier  proofs  thai  the  northern 
limit  of  trees  has  retrogressed^  and  i/iat  the  climate  here  has  grown 
colder.  I  found,  on  the  way  from  Dudino  to  the  Ural  Moun- 
tains, in  a  place  where  larches  now  only  grow  in  sheltered  river- 
valleys,  in  turf  on  the  top  of  the  tundra,  prostrate  larch  trees 
still  bearing  cones."§ 

Schmidt  also  states  that  he  was  informed  that  at  Dudino,  just 
at  the  limit  of  the  woods,  there  had  been  found  in  a  miserable 
larch  wood  the  lower  part  of  a  stem  sticking  in  the  ground, 
apparently  rooted,  which  was  three  feet  in  diameter.  He  also 
states  that,  *'  eleven  versts  above  Krestowkoje,  in  lat  72°,  he 
found,  in  a  layer  of  soil  covered  with  clay  on  the  upper  edge  of 
the  banks  of  the  Yenissei,  well-preserved  stems  like  those  of 
the  birch,  with  their  bark  intact,  and  sometimes  with  their  roots 
attached,  and  three  to  four  inches  in  diameter.  Professor 
Merklin  recognizes  them  as  those  of  the  Alnasterfruiicosus^  which 
still  grows  as  a  hush  on  the  islands  of  the  Yenissei,  in  lat 
70i°  N." 

*  Wrangell,  p.  492.  f  Wrangell,  p.  496. 

t  Bull.  Soc.  Nat.  Moscow ;  quoted  by  lloworth. 
§  Schmidt,  as  quoted  by  Uoworth. 
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tnce  from  Shells, — In  the  freshwater  deposits  in  which 
es  of  the  Mammoth  are  found,  there  are  fresh-water  and 
ells,  which  indicate  a  warmer  condition  of  climate.  I 
he  following  from  Mr.  Howorth^s  memoir: — 
imidt  found  Helix  Schrencki  in  fresh-water  deposits  on 
dra  below  Dudino  and  beyond  the  present  range  of  trees, 
n  found  recent  shells  of  it,  with  well-preserved  colors, 
ler  south,  in  lat.  68°  and  69°,  within  the  present  range 
;,  at  the  mouth  of  the  Awamka.  The  most  northern 
therto  known  for  this  shell  was  iti  lat.  60°  N.,  where 
ire  found  by  Maak  in  gold-washings  on  the  Pit." 
the  freshwater  clay  of  the  tundra  by  Tolstoi  Noss, 
t  found  Planorhis  albuSj  Valvata  cristata^  and  Limncea 
irta  in  a  sub-fossil  state ;  Oyclas  calyculata  and  Valvata 
is  he  found  thrown  up  on  the  banks  of  the  Yenissei, 
a  rotten  drifted  trunk,  Limax  agrestis ;  Anodonia  ana- 
also  found  on  the  banks  of  the  Yenissei  as  far  as  Tol- 
ss,  but  no  farther.  Pisidium  foniinale  still  lives  in  the 
n  the  tundra;  as  does  Succinea  putrU  on  the  branches 
Pinaster  on  the  Brijochof  Islands." 
Belt  mentions*  that  the  Cyrena  fluminaVa  is  found  in 
in  the  same  deposits  which  contain  the  remains  of  the 
)th  and  the  Rhinoceros  tichorhinus. 

3  evidence,  then,"  says  Mr.  Howorth,  **  of  the  debris  of 
ion,  and  of  the  fresh-water  and  land-shells  found  with 
nmoth-remains,  amply  confirms  the  d  priori  conclusion 
e  climate  of  Northern  Siberia  was  at  the  epoch  of  the 
)th  much  more  temperate  than  now.  It  seems  that  the 
al  facies  of  the  district  was  not  unlike  that  of  Southern 
,  that  the  larch,  the  willow,  and  the  Alnaster  were  prob- 
e  prevailing  trees,  that  the  limit  of  woods  extended  far 
lorth  of  its  present  range  and  doubtless  as  tar  as  the 
Sea;  that  not  only  the  iri^an  temperature  was  mack 
hut  it  is  probable  that  Vie  winters  were  of  a  temperate  and 
n  Arctic  type^ — Geol.  Mag.,  December,  1880. 
Mammot/i  Interglacial, — It  need  be  a  matter  of  no  sur- 
at  the  climate  of  Northern  Siberia  during  the  time  of 
mmoth  was  more  mild  and  equable  than  now,  if  we 
mit  that  the  Mammoth  was  interglacial.  That  it  was 
rglacial  age  is  a  conclusion  which,  I  think,  has  been 
Ablished  by  Prof.  J.  Geikie  and  others.  Into  the  facts 
uments  which  have  been  advanced  in  support  of  this 
ion  I  need  not  here  enter.  The  subject  will,  however, 
d  discussed  at  great  length  in  Prof.  Geikie's  *  Prehis- 
lurope'  and  in  *The  Great  Ice- Age'  (second  edition). 
A.  Wallace  considers  that  one  of  the  last  intercalated 

*  Quart  Journ.  GeoL  Soc.,  yoL  xzz,  p.  464. 
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mild  periods  of  the  Glacial  epoch  seems  to  offer  all  the  neces- 
sary conditions  for  the  existence  of  the  Mammoth  in  Siberia 
That  the  Mammoth  was  interglacial  will  be  further  evident 
when  we  consider  the  climatic  conditions  of  Europe  at  the  time 
that  it  lived  there.  Before  doing  so,  it  may  be  as  well  to 
glance  at  what  evidently  were  the  main  characteristics  of  the 
interglacial  perioda 

Main  Characteristics  of  Interglacial  Climate. — They  are  as 
follows: 

1.  Interglacial  conditions  neither  did  nor  could  exist  simtd- 
taneously  on  both  hemispheres.  They  existed  only  on  one 
hemisphere  at  a  time,  viz:  on  the  hemisphere  which  had  its 
winter  solstice  in  perihelion. 

2.  During  interglacial  periods  the  climate  was  more  fjuoife 
than  it  is  at  present;  that  is  to  say,  the  diflference  between  the 
summer  and  winter  temperatures  was  much  less  than  it  is  now. 
The  summers  may  not  have  been  warmer  or  even  so  warm  as 
they  are  at  present,  but  the  temperature  of  the  winters  was 
much  above  what  it  is  at  the  present  day. 

3.  During  the  interglacial  periods  the  quantity  of  equatorial 
heat  conveyed  by  ocean -currents  into  temperate  and  polar 
regions  was  far  in  excess  of  what  it  is  at  present  On  this 
account  a  greater  uniformity  of  climate  then  prevailed:  that  is 
to  say,  the  difference  of  climatic  conditions  between  the  sab- 
tropical  and  the  temperate  and  polar  reo;ions  was  less  marked 
than  at  present — the  temperature  not  differing  so  much  with 
latitude  as  it  now  does. 

4.  Mildness^  or  a  comparative  absence  of  high  winds,  charac- 
terized interglacial  climate.  This  partial  exemption  from  high 
winds  resulted  from  the  fact  that  the  difference  of  temperature 
between  the  equator  and  the  poles,  the  primary  cause  of  the 
winds,  was  much  less  than  at  the  present  day. 

5.  Another  character  of  interglacial  climate  was  a  highr 
mean  temperature  than  now  prevails.  This,  amongst  other 
causes,  resulted  from  the  great  amount  of  heat  then  transferred 
by  ocean-currents  from  the  glacial  to  the  interglacial  hemi- 
sphere. 

6.  During  interglacial  periods  the  climate  was  not  only  more 
equable,  mild,  and  uniform  than  now,  but  it  was  also  more 
moist.  This  was  doubtless  owing  mainly  to  the  fact  of  the 
presence  then  in  temperate  and  polar  regions  of  so  large  an 
amount  of  warm  intertropical  water.  In  short,  it  was  the 
presence  of  so  much  warm  water  from  intertropical  regions 
which  mainly  gave  to  the  climate  of  the  interglacial  periods 
its  peculiar  character. 

All  these  characteristics  of  interglacial  climate  have  been 
fuJJj  established  by  the  facta  of  %eolo%Y>  ^^^  ^^^"i  ^^®  ^'^i  ** 
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.ve  seen,  deducible  d  priori  from  physical  principles, 
follow  as  necessary  consequences  from  those  physical  agen- 
bich  brought  about  the  Ghicial  epoch. 
ienc^from  the  Mammoth  in  Europe. — Skeletons  and  de- 
remains  of  the  Mammoth  have  been  found  in  nearly 
country  in  Europa  Mr.  Howorth  in  his  memoir,*  gives 
tails  of  the  finding  of  these  in  various  parts  of  Russia, 
ny,  Denmark,  Sweden,  Belgium,  France,  England,  and 
countries.  It  is  shown  that  the  conditions  under  which 
ammoth-remains  have  been  found  in  Europe  are  almost 
lally  the  same  as  those  under  which  they  are  found  in 
I,  with  the  exception,  of  course,  that  in  Europe  no  car- 
with  their  flesh  intact  have  been  met  with, 
in,  the  deposit  in  which  the  Mammoth-remains  are  found 
ope  is  the  same  as  that  in  which  they  occur  in  Siberia, 
eposit  is  a  freshwater  one,  consisting  of  marly  clay  and 
,  and  containing  plant-remains  and  land-  and  freshwater- 
When  these  plants  and  shells  are  examined,  they  are 
to  indicate  the  same  interglacial  condition  of  climate  as 
hich  prevailed  in  Siberia  during  the  time  the  Mammoth 
n  that  region. 

he  case  of  land-plants  it  is,  of  course,  only  under  excep- 
circumstancee,  as  Prof.  J.  Geikie  remarks,  that  they  can 
md  in  a  condition  suitable  for  the  botanist  Now  and 
however,  beds  with  well-preserved  plants  are  met  with, 
under  lacustrine  deposits.  In  a  still  better  state  of  pres- 
)n  are  the  plant-remains  and  shells  which  have  been  dis- 
td  in  the  mas.ses  of  calcareous  tufa  which  have  been 
1  upon  the  borders  of  incrusting  springs.  An  examina- 
E  the  plant-remains  found  under  these  conditions  shows 
uring  the  Pleistocene  times,  when  the  deposits  in  which 
ammoth  bones  are  found  were  being  formed,  the  climate 
ore  equable  and  uniform  than  it  is  at  the  present  day. 
J  fossiliferous  remains  yielded  by  the  tufas  have  led  to 
important  results  as  to  the  climatic  condition  of  the  Pleisto- 
)eriod,  into  the  details  of  which  I  need  not  here  enter, 
will  be  found  at  full  length  in  Prof.  J.  Geikie's  Prehis- 
Surope,  chap,  iv.f  It  will  suffice  at  present  simply  to 
X)  the  general  conclusions  to  which  these  researches  have 
\  so  far  as  they  bear  on  the  climatic  conditions  prevail- 
the  time  the  Mammoth  lived  so  abundantly  in  Europe, 
the  tufa  deposits  of  Tuscany  have  been  found  numbers  of 
remains  of  indigenous  species,  commingled  with  others 
I  now  no  longer  grow  in  Tuscany.  Amongst  the  latter  is 
anary  laurel,  which  now  flourishes  so  luxuriantly  in  the 

*6eol.  Mag.,  May,  1881. 

f  See  also  Mr.  Ho  worth's  memoir,  G^l.  Mag.,  June,  1881. 
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Canary  Islands,  on  the  nothern  slopes  of  the  mountaiDs,  at  an 
elevation  of  from  2,000  to  5,000  feet  above  the  sea-Ievel— a 
region,  remarks  Prof.  J.  Geikie,  nearly  always  enveloped  in 
steaming  vapors,  and  exposed  to  heavy  rains  in  winter.  In 
that  deposit  is  also  found  the  common  laurel,  associated  with 
the  beech.  This  is  not  now  the  case,  as  the  laurel  requires 
more  shade  than  it  can  find  there  at  the  present,  while  the  beech 
has  retreated  to  the  northern  flanks  of  the  Apennines  to  obtain 
a  cooler  climate.  • 

In  the  tufas  of  Provence  are  found  groups  the  same  as  those 
which  flourish  there  at  present,  but  commingled  with  them  are 
also  the  Canary  laurel  and  other  plants  which  are  no  loneer 
natives  of  Provence.  Saporta  directs  attention  to  the  fact  that  j 
species  such  as  the  Aleppo  pine  and  the  olive,  demanding  con- 
siderable summer-heat  rather  than  a  moist  climate,  are  entirely 
wanting  in  the  tufas. 

Similar  to  those  of  Provence  are  the  tufas  of  Montpellier. 
Saporta  concludes  that  when  all  those  species  lived  together  the 
climate  must  necessarily  have  been  more  equable  and  AumtS than 
at  prenent.  In  other  words,  the  summers  were  not  so  dry  and 
the  winters  were  milder  than  they  are  now. 

The  deposit  near  Moret,  in  the  vallev  of  the  Seine,  is  siill 
more  remarkable  in  showing  the  equable  condition  of  climate 
which  than  prevailed.  The  assemblage  of  plants  found  there 
tells  a  tale,  says  Prof.  J.  Geikie,  which  there  is  no  possibility 
of  misreading.  *'  Here,"  he  says,  "  wc  have  the  clearest  evidence  ] 
of  a  genial,  humid,  and  equable  climate  having  formerly  char- 
acterized Northern  France.  The  presence  of  the  laurel,  and 
that  variety  of  it  which  is  most  susceptible  to  cold,  shows  us 
that  the  winters  must  have  been  mild,  for  this  plant  flowers 
during  that  season,  and  repeated  frosts,  says  Saporta.  would 
prevent  it  reproducing  its  kind.  Ii  is  a  mild  winter  rather 
than  a  hot  summer  which  the  laurel  demands,  and  the  same 
may  be  said  of  the  fig-tree.  The  olive,  on  the  other  hand,  re- 
quires prolonged  summer  heat  to  enable  it  to  perform  its  vital 
functions.  Saporta  describes  tlie  fig-tree  of  the  La-Celle  tufa  as 
closely  approximating,  in  the  size  and  shape  of  its  leaves  and 
fruit,  to  that  of  the  tufas  in  the  south  of  France,  and  to  those  of 
Asia  Minor,  Kurdistan  and  Armenia.  But  if  the  winters  in 
Northern  France  were  formerly  mild  and  genial,  the  summere 
were  certainly  more  humid,  and  probably  not  so  hot.  This  is 
proved  by  the  presence  of  several  plants  in  the  tufa  of  La-Celle 
which  cannot  endure  a  hot  ariil  climate,  but  abound  in  the  shady 
woods  of  Northern  France  and  Germany." 

The  plants  found  in  the  tufas  of  Canstadt  are  much  similar 
to  those  of  Moret.  Mr.  Howorth,  in  regard  to  the  deposits  of 
those  places,  says :  '*  The  coexistence  of  the  species  found  there, 
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s  M.  Saporta,  proves  very  clearly  that,  notwithstanding 
iations  due  to  latitude,  Europe,  from  the  Mediterranean 
entral  districts,  offered  fewer  contrasts,  and  was  more 
Q  than  it  is  now.  A  more  equable  climate,  damp  and 
t,  allowed  the  Acer  pseudo-platanus  and  the  fig  to  live 
ted  together  near  Paris,  as  it  allowed  the  reindeer  and 
The  Acer  grows  with  difficulty  now  where  the  Ftcus 
wild,  while  the  latter  has  to  be  protected  in  winter  in  the 
*  of  Paris.''  * 

ally  conclusive  is  the  testimony  borne  by  the  Mollusca 
;ufas.  In  the  tufas  and  marls  of  Moret,  in  the  valley  of 
ne,  thirty-five  species  were  discovered.  The  majority 
36  must  have  lived  in  damp  and  shady  places,  in  the 
3  of  moist  woods,  and  on  the  leaves  of  marsh-plants, 
ells,  M.  Tournouer  concludes,  bespeak  a  condition  of 
J  more  uniform,  damp,  and  equable  than  now  prevails  in 
gion,  with  a  somewhat  higher  mean  annual  temperature, 
alluvial  deposits  of  Canstadt,  in  Wurtemberg,  a  class 
Is  indicating  a  similar  condition  of  climate  has  been  dis- 
3. 

evidence  furnished  by  the  animals  found  mostabundant- 
3  the  Mammoth   in  Europe  and  Siberia,  Mr.  Howorth 
points  to  the  same  conclusion  as  that  of  the  plants  and 
ca. 

same  mild  and  equable  condition  which  allowed  of  the 
oth  living  in  Northern  Siberia  during  Pleistocene  times 
[ually  prevailed  over  the  whole  of  Europe.  We  have  seen 
3Cording  to  the  Physical  theory,  this  condition  of  climate 
every  respect  precisely  what  it  ought  to  have  been  on 
jposition  that  it  was  interglacial.  It  was  a  condition 
equable,  uniform,  humid,  and  of  a  higher  mean  annual 
•ature  than  we  have  at  the  present  day.  There  is,  how- 
lirect  and  positive  evidence  that  this  condition  of  climate 
terglacial ;  for  the  facts  both  of  geology  and  of  paleontol- 
ow  that  it  was  preceded  and  succeeded  by  a  st:»te  of  things 
iiolly  opposite  character. 

Mammoth  Olacial  as  well  as  Interglacial — Although  the 
loth  could  have  lived  in  Arctic  Siberia  only  during  an  in- 
ial  period,  it  does  not  follow  that  it  must  have  perished 
the  succeeding  glacial  period.  When  the  cold  came  on, 
3  vegetation  on  which  it  subsisted  began  to  disappear,  it 
move  southward,  and  would  continue  its  march  as  the 
id  severity  of  the  winters  increased.  Durino^  the  con- 
2e  of  the  ten  or  twelve  thousand  years  of  Arctic  condi- 
t  would  find  in  Southern  Europe  and  elsewhere  places 
it  could  exist.     At  the  end  of  the  cold  period,  and  when 

*Geol.  Mag.,  June,  1881. 
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the  climate  again  began  to  grow  mild  and  equable,  it  woald  re> 
trace  its  steps  northward.  There  is,  however,  little  doabt  thai 
during  the  severity  of  a  glacial  period,  and  when  necessarily 
confined  to  a  more  limited  area,  its  numbers  would  be  greatly 
diminished.  There  is  every  reason  for  believing  that  the  Mam* 
moth  outlived  all  that  succession  of  cold  and  warm  periodi 
known  as  the  Glacial  epoch  proper,  and  did  not  finally  disappear 
till  recent  post-glacial  times. 

It  was  probably  about  the  commencement  of  a  cold  period, 
and  before  the  Mammoth  had  retreated  from  Northern  Siberia, 
that  those  individuals  perished  whose  carcasses  have  been  foand 
frozen  in  the  cliffs.  The  way  in  which  they  probably  perished 
and  became  imbedded  in  the  frozen  ice  and  mud,  has,  I  think, 
been  ingeniously  shown  by  Dr.  Rae.* 

Arctic  America  during  Interglacial  times, — We  have  seen  that 
the  eastern  continent  in  Pleistocene  times  enjoyed  in  the 
Arctic  regions  interpjlacial  conditions  of  climate.  It  is  true 
that  on  the  western  continent  we  have  not  in  Arctic  regions 
such  clear  and  satisfactory  evidence  of  an  interglacial  period. 
But  it  would  be  rash  to  infer  from  this  that  the  western  con- 
tinent was,  in  this  respect,  less  favored  than  the  eastern.  That 
we  should  find  less  evidence  at  the  present  day  of  former 
interglacial  periods  in  Arctic  America  than  Arctic  Asia,  is 
what  is  to  be  expected,  for  the  glaciation  which  succeeded 
interglacial  periods  has  been  far  more  severe  in  the  former 
region  than  in  the  latter.  The  remains  of  the  Mammoth  have, 
however,  been  found  in  Arctic  America,  in  ice-cliffs  at  Kdtze^ 
bue  Sound,  under  conditions  exactly  similar  to  those  of  Siberia. 

In  Banks's  Land,  Prince  Patrick's  Island,  and  Melville  Island, 
as  in  Northern  Siberia,  full-grown  trees  have  been  found  in 
abundance  at  considerable  distance  in  the  interior,  and  at  ele- 
vations of  two  or  three  hundred  feet  above  sea  level.  The 
bark  on  many  of  them  was  in  a  perfect  state.  Captain  McClure, 
Captain  Osborn,  and  Lieutenant  Mecham,  by  whom  they  were 
found,  all  agreed  in  thinking  that  they  grew  in  the  place  where 
they  were  found. 

It  is  true  that  more  recent  Arctic  voyagers  have  come  to 
the  conclusion  that  these  trees  must  have  been  drifted  down 
the  river  from  the  soutli.  Tliere  can  be  little  doubt  that  the 
greater  part  of  the  wood  found  there,  as  in  Siberia,  is  drift- 
wood. But  may  there  not  be,  also,  as  in  Siberia,  two  kinds 
of  wood? — a  "Noashina"  and  a  **  Adamshina,"  a  kind  which 
was  drifted  and  another  kind  which  grew  on  the  spot.  This  is 
a  point  which  will  require  to  be  determined. 

That  so  little  has  as  yet  been  done  in  the  way  of  searching 
for  such  evidence  of  interglacial  periods,  is,  doubtless,  in  a 

* P\iW.  Uag.  lot  5>A7,  ui^ ^.  ^Q. 
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^sure  due  to  the  fact  that  most  of  those,  if  not  all,  who 
ited  those  regions  entertained  the  belief  that  there  is  an 
improbability  that  a  condition  of  climate  which  would 
)wed  the  growth  of  trees  in  such  a  place  prevailed  so 
as  Post-tertiary  times.  Even  supposing  those  Arctic 
\  had  considered  the  finding  of  interglacial  deposits  a 
ling,  and  had  in  addition  made  special  search  for  them, 
lie  fact  that  they  should  have  failed  to  find  any  trace 
could  not,  as  we  have  already  shown,  be  regarded  as 
sumptive  evidence  that  none  existed.  Take  Scotland 
ample.  Abundant  relics  of  interglacial  age  have  there 
md  from  time  to  time ;    but  among  the  many  geolo- 

0  visit  that  country  year  by  year,  how  few  of  them 
good  fortune  of  discovering  a  single  relic.    In  fact,  a 

:  might  search  for  months,  and  yet  fail  to  meet  with  an 
ial  deposit.  The  reason  is  obvious.  The  last  ice- 
ider  which  Scotland  was  buried,  was  so  enormous  as  to 

every  renmant  of,  the  preceding  interglacial  land- 
sxcept  here  and  there  in  deep  sheltered  hollows,  or  in 
ere  it  may  happen  to  have  been  protected  from  the 

power  of  the  ice  by  projecting  rocks.  But  all  those 
ire  now  so  completely  covered  with  bowlder-clay 
er   deposits   that  it  is  onlv   in   the  sinking  of  pits, 

in  railway-cuttings,  and  otner  deep  excavations  that 

them  accidentally  turn  up.  Now  if  it  is  so  difficult  to 
jmperate  regions,  in  a  place  like  Scotland,  interglacial 
how  much  more  difficult  must  it  be  to  meet  with  them 
5  regions  where  the  destructive  power  of  the  ice  must 
n  so  much  greater. 

hing  like  indications  of  an  interglacial  period  appear 
Deen  found  by  Professor  Nordenskjdld  in  Spitzbergen. 
interior  of  Ice-fjord,"  he  says,  **and  at  several  other 

1  the  coast  of  Spitzbergen,  one  meets  with  indications 
lat  the  polar  tracts  were  less  completely  covered  with 
ig  the  glacial  era  than  is  usually  supposed,  or  that,  in 
ty  with  what  has  been  observed  in  Switzerland,  inter- 
•eriods  have  also  occurred  in  the  polar  regions.  In 
dbeds  not  very  much  raised  above  the  level  of  the  sea 
,  in  fact,  find  the  large  shells  of  a  mussel  {Myiilus 
ill  living  in  the  waters  encircling  the  Scandinavian 
t  is  now  no  longer  found  in  the  sea  around  Spitz- 
having  been  probably  routed  out  by  the  ice-masses 
y  driven  by  the  ocean -currents  xilong  the  coasts."* 
testimony  is  the  more  valuable  as  it  is  given  by  an 
3ed  geologist  so  much  opposed  to  the  theory  of  inter- 

rmer  Climate  of  Polar  regions,"  Geol.  Mag.,  Nov.  1875,  p.  631.  See 
jgy  of  Spitzbergen,"  Geol.  Mag.,  1876,  p.  267. 
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flacial  periods.     A  more  special  and  thorough  search  of  tl 
eds  might  probably  reveal  further  indications  of  intergla 
age. 

Was  Oreenland  free  from  Ice  during  any  of  the  Intergla 
Periods? — There  is  nothing  whatever  improbable  in  the  a 
position  that  during  some  of  the  earlier  interglacial  perio 
when  the  eccentricity  was  about  a  maximum,  the  ice  mi| 
have  completely  disappeared  from  Greenland,  and  the  coun 
become  covered  with  vegetation. 

Mr.  Wallace  thinks  that  the  existence  at  present  of  an  i 
sheet  on  Greenland  is  to  be  explained  only  by  the  fact  that  C( 
currents  from  the  polar  area  flow  down  both  sides  of  that  cor 
nent.  He  further  thinks  that  could  these  two  Arctic  carrei 
be  diverted  from  Greenland,  "that  country  would  become f 
from  ice,  and  might  even  be  completely  forest-clad  and  htl 
able."* 

I  am  inclined  to  agree  with  Mr.  Wallace  in  thinking  tl 
the  withdrawal  of  the  two  cold  currents  in  question  woi 
effectually  remove  the  ice.  We'  know  that  Greenland  is 
present  buried  under  ice,  as  has  been  shown  on  former  oc 
sions,  simply  because  there  happens  to  be  about  two  ioci 
more  of  ice  annually  formed  than  is  actually  melted.  It  c 
tainly  would  not  require  any  very  great  change  in  the  prea 
physical  and  climatic  conditions  of  things  to  melt  two  adaitio 
inches  per  annum.  If  this  were  done  the  ice  would  ultimat 
disappear.  A  simple  decrease  in  the  volume  of  the  t 
currents  might  possibly  bring  about  such  a  result.  A  cai 
more  effectual  would,  however,  be  an  increase  in  the  tempc 
ture  and  volume  of  the  Arctic  branch  of  the  Gulf-stream. 

Note. — This  will  probably  be  my  last  paper  on  que8ti( 
relating  to  geological  climate.  There  are  many  points  I  shoi 
have  wished  to  consider  more  fully,  but  advancing  years  a 
declining  health  have  rendered  it  necessary  for  me  to  aband 
the  subject  altogether  in  order  to  be  able  to  finish  some  wo 
in  a  wholly  different  field  of  inquiry,  which  has  been  laid  as 
for  upwards  of  a  quarter  of  a  century. 


« I 
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r.  XLII. — NoUa  on  some  apparently  undescnhed  forms  of 
Vesh'water  Infusoria.  No.  2  ;*  by  Dr.  Alfred  C.  Stokes. 
y'ith  Plate  III. 

•he  subjoined  fresh-water  Infusoria  which,  so  far  as  I  am 
J  to  ascertain,  have  not  been  previously  observed  and  are 
sequently  undescribed,  have,  with  a  single  exception,  been 
lined  from  the  shallow  ponds  and  streams  of  New  Jersey. 
It  they  are  restricted  to  that  locality,  however,  is  not  probable. 

fsomonas  vestita^  sp.  nov. 

k>dy  subglobose,  the  anterior  truncation  obsolete ;  the  entire 
face  clothed  with  a  thin,  mucilaginous,  finely  granular  in- 
tment ,  through  which  penetrate  numerous  delicate,  flexible, 
•like  bodies  apparently  adherent  to  all  points  of  the  surface ; 
oplasm  granular;  long  flagellum  flexible,  the  distal  extrem- 
arcuately  curved,  twice  the  diameter  of  the  body  in  length, 
secondary  one  one-fourth  that  length,  and  vibratile;  pedicle 
:orm,  flexible,  four  times  the  diameter  of  the  body  in 
gth ;  contractile  vesicles  two,  situated  close  to  and  slightly  in 
?ance  of  the  median  line ;  a  linear,  slightly  curved  band  or 
ove  near  the  frontal  margin  of  the  body.  Diameter  of  the 
rid  xbW  loch.  Habitat. — Pond- water,  with  Myriophyllum. 
litary. 

[n  two  particulars  this  species  differs  from  the  hitherto  single 
3wn  member  of  the  genus : — in  the  absence  of  the  truncated 
«rior  border,  and  in  presence  of  a  linear,  dark-bordered  band 
depression  near  the  frontal  margin,  as  exists  in  Spumella.  In 
acture,  habits  and  other  essential  characteristics  it  is  a  Phy- 
Qonas.  Influenced,  however,  by  what  I  at  first  interpreted 
be  ray-like  pseudopodia,  I  was  not  disposed  to  relegate  it  to 
^  previously  instituted  genus,  but  felt  compelled  to  form  for 
reception  a  new  generic  niche  in  the  order  Radio-Flagellata. 
bsequent  study,  how.ever,  dispelled  that  idea  and  proved  the 
malcule  to  be  an  undescribed  species  of  Physomonas.  The 
liating  bodies  project  from  all  parts  of  the  cuticular  surface, 
\  possess  some  of  the  characters  of  what  Dr.  Leidy,  in  his  mono- 
ph  on  the  fresh-water  Rhizopoda,  has  styled  **  cils,"  being,  in 
8  instance  permanent,  non-vibratile,  hair-like  prolongations 
ich  need  only  to  assume  a  rapid  movement  to  become  the 
ailiar  cilia.  These  spicular  bodies  have  no  circulation  of 
ir  substance  as  do  true  pseudopodia  emitted  by  the  Rhizop- 
\  and  some  of  the  lowest  of  the  Infusoria ;  they  are  not  re- 
ctile,  neither  do  they  take  any  part  in  the  capture  of  food,  as  in 
mbersofthe  Radio-Flagellata  where  the  nutritive  particle, 

*  See  this  Journal,  xxviii,  39,  July,  1884. 
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dashed  down  by  the  short  flagellam,  is  seized  by  one  or  more 
of  the  pseudopodic  projections  and  drawn  into  the  body.  With 
this  form  the  food,  thrown  down  by  the  action  of  the  short 
flagellum,  enters  at  any  part  of  the  surface,  usaally  near  the 
base  of  the  flagella,  where  the  part  opens,  the  maoilaginoos  in- 
vestment and  the  adherent  spicules  moving  outwardly  on  what 
appears  to  be  a  delicate  cuticle,  a  wave-like  outBow  of  the 
endoplasm  surrounds  the  particle  and  draws  it  into  the  body 
enclosed  in  a  large  drop  of  water.  In  length  these  cuticnlar 
spicules  are  little  shorter  than  the  short  flagellum. 

The  nucleus  is  indistinct  and  presumably  centrally  placed, 
although  it  was  not  positively  identified.  The  two  contractile 
vesicles  pulsate  alternately,  and  are  distinctly  apparent.  The 
animalcule  is  shown  in  fig.  1,  Plate  III. 

Bico8(xca  lepteca^  sp.  nov. 

Lorica  sub-cylindrical,  three  times  as  lar^e  as  broad,  truncate 
and  slightily  narrowed  anteriorly  into  an  inoonspicuoas  neck, 
somewhat  inflated  centrally,  thence  gradually  tapering  to  the 
acute  point  of  attachment  to  the  pedicle  whose  length  is  equal 
to  the  greatest  width  of  the  lorica ;  animalcule  ovate,  with  the 
usual  oblique  frontal  border,  the  two  diverse  flagella  and  the 
eccentrically  attached  contractile  ligament,  the  extended  bodj 
projecting  but  a  short  distance  beyond  the  lorica;  pulsating 
vesicles  two;  nucleus  sub-centrally  placed.  Length  of  lorica 
•nW  ^o  tAt  Jnch ;  width  ^^ ;  height  of  pedicle  ^^.  Hab- 
itat— Pond-  water,  with  Myriophyllum  and  Algad. 

This  minute  creature  is  among  the  largest,  if  not  the  largest 
of  the  genus,  the  loricas  of  the  hitherto  known  species  measor* 
ing  from  the  suW^^  ^^^  2^00  ^^^^  '"  height,  the  one  usually 
extending  to  the  ^^ao  ^^^^  ^^  ^^  times  found  to  produce  a  sheath 
f-^^  inch  high,  thus  in  its  most  luxuriant  growth  only  equal- 
ling the  ordinary  pro|X)rtion  of  Bicososca  lepteca,  which  conse- 
quently becomes  the  most  gigantic  of  those  yet  recorded. 
]From  the  only  sweet- water  species,  B,  lacustria  J. -Clk.^  hitherto 
observed  as  a  resident  in  American  lakes,  it  dififers  so  widely 
that  to  designate  the  points  of  dissimilarity  would  necessitate  an 
extended  description  of  the  form  here  used  in  comparison. 
The  loricse,  as  is  socommon  with  those  of  the  Vaginicolina,  fre- 
quently change  from  the  hyaline  condition  of  youth  to  a  semi- 
opaque  chestnut-brown  coloration  of  maturity  and  old  age ;  and 
occasionally  a  deserted  lorica  is  observed  that,  judging  from 
this  change  of  tint,  is  neither  young  nor  mature,  for  the  poa- 
terior  half  has  assumed  a  translucent,  chestnut  hue  while  the  re- 
maining portion  is  as  colorless  as  when  first  secreted.  Arguing 
from  this  alteration,  it  is  probable  that  the  chemical  composition 
of    these   sheaths  is   similar   to   those   of    the  Vaginicolina, 
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pedicles  of  some  of  the  Choano-Flagellata,  in  all  of 
he  change  has  been  observed, 
(pecies  is  shown  in  fig.  2. 

;a  leptostoma^  sp.  nov. 

la  elongate-ovate  or  subfusiform,  three  times  as  long  as 
tapering  anteriorly  to  a  short  neck-like  portion,  the 
3  very  narrow,  the  margins  not  everted,  the  posterior 
►ering  to  the  pedicle  whose  length  is  equal  to  one-half 
itcst  width  of  the  lorica ;  animalcule  ovate  or  subpyri- 
ccupying  the  anterior  half  of  the  sheath,  being  entirely 
i,  with  the  exception  of  the  long,  lip-like  projection  ex- 
beyond    the   aperture ;  contractile   vesicles  two,  pos- 

placed ;  nucleus  anteriorly  situated.  Length  of  lorica 
ch  ;  height  of  pedicle  TnAnr-  Pond-water ;  attached  to 
hyllum  and  Algae.     Gregarious. 

form  most  closely  resembles  that  of  the  salt-water 
a  tenuis  S.-K.,  and  may  be  considered  its  fresh -water  rep- 
;ive  ;  resembling  it  also  in  the  proportion  borne  by  the 
>t  the  lorica  to  the  length,  and  in  the  short  distance  to 
the  extended  animal  protrudes  itself,  but  differing  in 
ngth  of  pedicle  and  in  the  form  of  the  enclosed  zooid. 
rrow,  lip-like  prominence  being  the  only  portion  of  the 
hich  extends  beyond  the  lorica,  it  receives  and  accepts 
ts  all  food  particles  thrown  upon  it  by  the  flagella.  It 
ly  held  arcuately  curved,  unwelcome  particles  commonly 
ng  its  concavity  to  escape,  as  though  urged  by  a  strong 
,  acceptable  matters  being  engulfed  by  an  advancing 
[  sarcode.     The  animalcule  is  shown  in  fig.  3. 

:a  longipeSy  sp.  nov. 

a  ovate,  twice  as  long  as  wide,  slightly  narrowed 
•ly,  the  margin  not  everted,  tapering  towards  its  juno- 
:h  the  pedicle  which  is  four  or  five  times  as  long  as  the 
enclosed  zooid  subspherical,  extending  but  a  short  dis- 
eyond  the  aperture;  contractile  vesicles  two,  posteriorly 
1.  Length  of  lorica  Wjrr  inch.  Habitat — Pond  water; 
1  to  Myriophyllum.     Solitary. 

L  this  and  the  preceding  species  the  long  flagellum,  when 
acted  infusorian  withdraws  it  into  the  lorica,  is  spirally 
s  is  usual  with  all  the  members  of  the  genus,  but  the 
iameter  of  the  coil  is  here  horizontal,  so  that  it  appears  to 
its  greatest  width  on  the  zooid  s  frontal  border.  Since 
3ntion  was  especially  called  to  this  feature  I  have  hot 
d  a  specimen  of  the  usually  abundant  B.  lacustris  J.  Clk., 
b  it,  I  infer  from  Saville-Kent*s  remark,  that  the  longest 
T  of  the  coiled  flagellum  is  vertical,  so  that  the  narrow 
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edge  of  the  spring-like  spiral  rests  on  the  anterior  border  of  the 
zooid.  Kent's  figure  exhibits  it  correctly  as  it  occurs  in  the 
present  species  and  the  two  preceding  when  about  to  UDcoil 
itself,  the  spiral  then  assuming  a  vertical  position,  bat  he  re- 
marks that  "  the  longer  of  the  two  flagella,  as  shown  in  fig.  17, 
is  thrown  into  an  elegant  spiral  coil,  reminding  the  observer  of 
the  spirally  retracted  proboscis  of  a  butterfly."  This  is  assured- 
ly not  the  case  in  the  three  species  here  described,*  The  lorica 
and  extended  animalcule  of  B,  loftgipes  are  shown  in  fig.  4 

Stylobryoyi  AbboUi,  sp.  nov. 

Loricse  conical-campanulate,  widest  anteriorly,  not  everted, 
tapering  without  constriction  to  the  pedicle,  twice  as  long  as 
broad,  and  united  to  each  other  by  pedicles  about  one-half  as 
long  as  a  single  lorica,  into  the  cavity  of  which  they  are  con- 
tinued, becoming  gradually  attenuated  to  their  extremity,  each 
lorica  usually  bearing  two  loricae  which  are  apparently  sessile 
on  the  antero-lateral  borders  of  their  supporting  sheath ;  primary 
foot-stalk  about  six  times  as  long  as  a  single  lorica ;  enclosed 
animalcule  not  conspicuously  changeable  in  shape,  ovate  or 
subspherical,  the  projecting  lip  short;  flagella  two,  the  longer 
scarcely  extending  beyond  the  orifice  of  the  lorica,  to  the  pos- 
terior portion  of  which  the  infusorian  is  confined  by  a  short, 
filamentous,  contractile  ligament ;  pulsating  vesicle  single,  pos- 
teriorly  placed;  nucleus  subcentral.  Length  of  indivianal 
loricae  t^^  inch  ;  of  primary  pedicle  ^hi  inch.  Habitat- 
Pond  water;  attached  to  filamentous  Algse  or  other  fine  v^e- 
table  fibres. 

This  polythecium,  unlike  that  of  Stylobryon  peitolatum  (Duj.) 
S.-K.,  which  it  most  resembles,  is  subject  to  but  little  variation 
in  its  mode  of  colony-building.  As  shown  in  fig.  5,  from 
which  most  of  the  zooids  have  been  intentionally  omitted,  its 
usual  method  is  to  erect  a  cluster  of  tapering,  bell-shaped 
loricae  by  attaching  two  to  the  frontal  borders  of  the  primary 
sheath  and  continuing  in  this  manner  until  the  polythecium  is 
completed.  Occasionally,  however,  the  first  or  supporting 
lorica  bears  three,  the  third  being  centrally  placed,  but,  so  tu 
as  observed,  not  further  continuing  the  tripartite  arrangement 
The  number  of  loricae  composing  the  polythecium  takes  a  con- 
siderable range  with  age.  No  colonies  have  as  yet  been  noted 
with  less  than  six,  neither  has  it  yet  been  my  good  fortune  to 

*  Since  writing  the  above  I  liave  seen  Prof.  Clark's  original  article  in  the 
"  Memoirs  of  the  Boston  Society  of  Natural  History,"!,  1866,  where,  speaking  of 
B.  gracillipes,  he  says :  •'  The  only  time  that  the  flagellum  abandons  its  rigid  de- 
portment is  either  when  it  is  assisting  the  lip  to  seize  the  food,  or  duriog  ^ 
spasmodic  retrocession  of  the  body.  In  the  latter  case  it  is  abruptly  retracted 
and  coiled  transversely  within  the  calyx  close  down  to  the  truncate  front  of  tbe 
body."  And  of  the  flagellum  of  B.  tacustris  he  says,  '*  its  flexibility  is  exhiWtsd 
in  the  same  way  as  in  the  other  species." 
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btain  one  of  these  beautiful  polythecia  exhibiting  more  than 
be  thirty-one  which  composed  the  colony  shown  in  the  figure. 

The  loricae,  like  those  of  Bicosoeca  kpleca  referred  to  on  a  pre- 
'ious  page,  are  remarkable  for  the  great  apparent  facility  with 
rhich  they  change  their  hy^aline  condition  to  a  translucent  but 
leep  chestnut-brown  coloration.  As  in  the  Bicosoeca,  again, 
liis  is  occasionally  accomplished  so  early  that  in  some  poly- 
liecia,  although  the  terminal  loricse  have  seemed  to  be  incom- 
)lete,  yet  their  posterior  portions  have  become  brown  while 
he  remainder,  apparently  in  process  of  formation,  has  been 
lolorless  and  transparent. 

In  general  appearance  this  form  resembles  Styhbryon  petio' 
Uum,  differing,  as  has  been  stated,  in  being  less  variable  in  the 
lanner  of  building  up  its  polythecium,  in  the  shape  and  pos- 
jrior  position  of  the  enclosed  zooids,  in  the  more  conical  form 
f  the  individual  loricse,  and  especially  in  their  much  smaller 
ize,  those  of  &  peiiolaium  measuring  from  y^  to  ^^  inch, 
rhile  with  the  present  species  none  greater  than  y^Vir  ^"^^  have 
een  observed. 

It  gives  me  pleasure  to  dedicate  the  species  to  my  friend  Dr. 
Iharles  C.  Abbott,  the  well-known  archseologist  and  naturalist, 
ear  whose  farm  the  beautiful  colonies  were  originally  obtained, 
t  seems  appropriate  that  the  species  should  bear  his  name, 
ince  its  habitat  was  the  still  waters  of  that  attractive  region, 
he  vertebrate  life  of  whose  upland  and  meadow  Dr.  Abbott 
las  described  so  charmingly  in  his  ^'Rambles  of  a  Naturalist 
d»ut  Home,^^  and  on  whose  fields  and  hillsides  he  has  discovered 
K)  many  evidences  of  paleolithic  occupants,  and  so  many 
ipecimens  of  their  handiwork. 

nUina  heliay  sp.  nov. 

Body  somewhat  bean-shaped,  or  sub-elliptical  with  an  anterior- 
ly situated  ventral  concavity:  twice  as  long  as  broad,  slightly 
widest  posteriorly,  longitudinally  striate  and  entirely  ciliate,  the 
eilia  of  the  posterior  extremity  longest  and  most  conspicuous, 
the  anterior  and  posterior  borders  evenly  rounded,  the  former 
somewhat  curved  toward  the  ventral  aspect;  oral  aperture 
elongate-ovate,  obliquely  set  within  the  anterior  ventral  con- 
cavitv,  followed  by  short,  recurved,  ciliated  pharynx;  contractile 
vesicle  single,  situated  back  of  the  body -centre  in  the  right-hand 
lateral  border,  often  leaving  after  systole  a  rosette  of  small 
yacaoles  which  finally  coalesce  ;  anal  aperture  opening  on  the 
yentral  surface  near  the  posterior  extremity;  nucleus  large, 
ovate,  subcentrally  situated.  Length  of  body  ^^ inch.  Habitat 
Standing  water,  with  Algse. 

Although  the  nucleus  is  correctly  referred  to  as  being  sub- 

ieotrally  placed,  its  position  in  reference  to  any  special  region 
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is  not  constant.  At  times  it  is  near  and  central  to  the  dorsam, 
at  others  it  is  almost  exactly  in  the  center  of  the  body,  and 
occasionally  it  is  found  near  the  middle  of  the  ventral  surface. 
The  majority  of  individuals  examined  had  this  important  organ 
situated  as  shown  in  fig.  21,  where  it  would  seem  to  be  in  its 
normal  position. 

Dbrbptxis  (Ssprf,  neck^  nvSi^^  box)^  gen.  nov. 

Animalcule  single,  inhabiting  a  pedicellate,  flask-shaped 
lorica  to  which  it  is  in  no  way  attached;  zooid  subspherical, 
enclosing  two  laterally  disposed  color- bands  ;  flagella  two,  sub- 
equal,  risinff  from  the  center  of  the  anterior  margin ;  contractile 
vesicles  two ;  pharynx  presumably  represented  by  a  small, 
colorless  space  at  the  base  of  the  flagella. 

This  is  near  Stein's  Chrysopyxis,  resembling  it  in  the  form 
of  the  enclosed  zooid,  its  biflagellate  condition  and  its  entire 
freedom  within  the  protecting  sheath ;  but  differing  in  the 
constantly  pedicellate  character  of  the  lorica,  the  latter,  in  the 
genus  instituted  by  the  German  authority,  being  sessilely 
attached  to  its  support.  The  development  of  a  conspicuous 
footstalk  to  the  sheath  of  Derepyxis  is  sufficient  to  relegate  its 
possessor  to  a  new  genus.  The  infusorian  that  habitually  pro- 
duces a  pedicle  before  it  secretes  its  lorica,  is  a  little  higher  in 
the  scale  than  one  that  develops  a  sessile  lorica. 

Derepyxis  amphora^  sp.  nov. 

Lorica  flask-shaped,  transparent,  two  and  one-half  to  three 
times  as  long  as  wide,  narrowed  posteriorly  and  produced 
anteriorly  in  a  cylindrical  neck-like  portion  one-fifth  the  entire 
lorica  in  length,  its  circular  border  truncate,  not  everted; 
pedicle  short,  thick,  about  one-tenth  the  length  of  the  lorica; 
enclosed  animalcule  occupying  the  center  of  the  sheath,  sub- 
spherical,  somewhat  compressed,  the  anterior  border  slightly 
Eointed,  this  part  usually  colorless;  the  endoplasm  with  two, 
road,  laieral,  greenish-yellow  bands;  flagella  even,  diverging, 
and  projecting  for  a  considerable  distance  beyond  the  lorica; 
nucleus  not  observed  ;  contractile  vesicles  two,  postero- terminal, 
pulsating  alternately.  Reproduction  by  longitudinal  fission. 
Height  of  lorica  -^  inch;  length  of  enclosed  zooid  yg^  to 
Tj^^.     Habitat — Pond  water;  attached  to  algal  filaments. 

This  interesting  creature  occurs  in  considerable  numbers  on 
the  finer  filamentous  fresh-water  Algaj.  The  lateral  color- 
bands  are  very  broad,  often  appearing  to  surround  the  entire 
body,  a  high  amplification  in  such  instances  being  required  to 
demonstrate  the  narrow  chink  of  colorless  endoplasm  separating 
them  longitudinally.  The  tint  of  these  bands  is  a  greenish- 
yellow  deeping  to  a  darker  green  at  the  periphery.     The  infu- 
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is  conspicuously  gregarious  in  habit.      It  is  shown  in 


^xis  oUulaj  sp.  nov. 

ca  broadly  flask-shaped,  one  and  one-half  tioies  as  long 
ad,  centrally  subspherical,  slightly  narrowed  at  the  pos- 
extremity,  the  neck-like  portion  subcylindrical,  one- 
as  long  as  the  entire  lorica,  the  circular  border  not 
i ;  pedicle  short,  stout,  in  length  about  one-eighth  the 
height  of  the  lorica ;  enclosed  zooid  spherical,  the  ante- 
>rder  rounded;  lateral  color  bands  as  in  D,  amphora; 
i  of  equal  length  ;  contractile  vesicles  posteriorly  located, 
)t  terminal.  Height  of  lorica  j-^  inch;  diameter  of 
id  zooid  ]rsVir-  Reproduction  by  longitudinal  fission. 
X — Pond  water ;  attached  to  confervoid  filaments.  Soli- 
•  few  together. 

I  infusorian  conspicuously  differs  from  the  preceding  in 
ipe  and  size  of  the  lorica,  and  in  the  more  spherical 
r  of  the  enclosed  zooid  with  its  evenly  convex  frontal 
The  tint  of  the  color  bands  is  about  that  of  2?. 
ra;  they  are  similarly  broad,  and  also  usually  obscure 
lorless  central  sarcode.  The  lorica  and  enclosed  zooid 
)wn  in  fig.  7.  It  does  not  so  abundantly  ornament  the 
ting  algal  filament  as  does  D.  amphora;  neither  is  it  so 
ntly  met  with  in  the  habitat  preferred  by  both. 

lonas  ovcUa,  sp.  nov. 

y  evenly  ovate,  persistent  in  shape,  once  and  one-half  to 
is  long  as  wide,  rounded  ]X)steriorly,  somewhat  narrowed 
>rly,  the  frontal  border  obscurely  bilabiate,  theendoplasm 
ng  numerous  dark-bordered  corpuscles ;  flagella  sub- 
exceeding  the  body  in  length,  inserted  close  together  at 
iterior  apex;  contractile  vesicles  two,  pulsating  altera- 
situated  near  the  frontal  mart^in ;  nucleus  posteriorly 
Length  of  body  y^Vir  ^^  t^W  '"^'^-  Habitat. — The 
al  pellicle  on  the  surface  of  vegetable  infusiona 
\  form  was  taken  in  abundance  from  the  habitat  men- 
,  in  company  with  a  greater  number  of  its  comparatively 
ic  relative,  the  Chilomonas  paramcecium  Ehr.  It  is 
r  distinguishable  from  the  latter  by   its  much  smaller 

indeed  being  the  most  minute  fresh-water  species  yet 
ed,  by  its  long  flagella,  and  particularly  by  the  presence 
\  contractile  vesicles,  and  the  almost  obsoleie  bilabiation 

frontal  apex.  The  latter  is  so  obscure,  the  border  at 
3ven  appearing  to  be  slightly  pointed,  and  the  contractile 
t  is  so  conspicuously  double,  that  I  have  with  some  hesi- 
identified  the  infusorian  as  a  member  of  the  genus  Chilo- 
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monas,  but  the  other  characteristics  are  so  marked  that  it  woald 
seem  preferable  to  slightly  modify  the  generic  diagnosis  rather 
than  to  institute  a  new  genus  for  its  reception. 

The  dark-bordered  corpuscles  so  numerous  within  this  and 
C,  paramcecium,  are  of  an  amylaceous  nature,  as  is  proved  by 
their  change  to  an  intensely  blue  color  when  the  animalcaleis 
killed  with  iodine.  The  nucleus  is  usually  so  completely 
hidden  by  these  superposed  starchy  corpuscles  that  it  is  posi- 
tively  located  with  difficulty.  In  several  individuals,  however, 
these  bodies  have  chiefly  collected  in  the  anterior  portion  of 
the  zooid,  in  which  cases  what  I  have  taken  to  be  the  nucleus 
has  been  left  in  an  almost  subterrninal  position.  The  mature 
animalcule  is  shown  in  fig.  8. 

Reproduction  is  accomplished  by  conjugation  followed  by 
encystment  and  quadruple  subdivision.  Union  takes  place  by 
the  adhesion  of  the  two  frontal  borders,  the  body  contents  of 
one  animalcule  slowly  passing  into  and  mingling  with  those  of 
the  other,  the  latter  gradually  assuming  a  spherical  form  and 
exhibiting  four  actively  moving  flagella,  as  in  fig.  9.  That  the 
zooids  possess  a  distinct  cuticular  investment  is  proved  during 
this  process  of  protoplasmic  transfer,  for  at  that  time,  as  shown 
in  fig.  10,  the  posterior  portion  of  the  cuticular  coat  is  left 
empty,  the  space  slowly  increasing  in  size  until  after  the  con- 
jugation has  been  consummated  ;  the  completely  vacated  cati- 
cular  sac  adheres  to  the  quadriflagellate  spherical  result  of  the 
genetic  union,  as  shown  in  fig.  9,  whence  it  gradually  melts 
away.  The  ultimate  fate  of  the  flagella  I  could  not  positively 
determine ;  my  impression  is,  however,  that  they  are  absorbed. 
They  remain  visible  and  active  for  a  considerable  time  after 
conjugation;  in  one  instance  a  single  flagellum  did  not  entirely 
disappear  until  fission  in  one  plane  had  been  almost  completed. 
The  cuticular  surface  of  the  united  animalcules,  swollen  into  a 
sphere,  becomes  the  cyst  wall  within  which  quadruple  division 
takes  place,  the  four  young  zooids  thus  formed  differing  from 
the  mature  infusorian  apparently  in  size  only. 

In  a  single  instance,  previous  to  the  union  of  the  frontal  bor- 
ders, the  four  flagella  became  fused  into  two,  after  which  I  sup- 
pose the  reproductive  process  proceeded  as  just  described,  but 
as  I  neglected  to  supply  the  water  lost  by  evaporation  from  be- 
neath the  cover  glass,  the  advancing  wave  swept  them  from  the 
field  and  they  were  lost,  (conjugation  and  encystment  have  not 
been  observed  in  the  other  species  of  the  genus,  longitudinal 
tission  prevailing  generally. 

LoxophyUum  flexilis^  sp.  nov. 

Body  irregularly  ovate,   lanceolate  or  sub-triangular,  three 
times  as  long  as  broad,  transparent,  lamellate,  very  soft  and. 
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kxible,  widest  posteriorly,  tapering  toward  the  anterior  ex- 
remity  which  is  somewhat  curved  toward  the  ventral  aspect; 
.he  posterior  margin  obliquely  and  undulately  rounded,  the 
central  border  concave,  the  dorsal  one  irregularly  convex,  its 
posterior  region  bearing  two  small,  conical  elevations;  the  cu- 
icalar  surface  furrowed  lengthwise,  often  thrown  into  longitu- 
linal  folds,  entirely  ciliated,  the  cilia  of  the  anterior  extremity 
omewhat  longest  and  most  conspicuous:  oral  aperture  opening 
ubteroiinally  on  the  ventral  surface ;  contractile  vesicles  three 
>T  more,  the  largest  one  postero-terminal,  the  others  small  and 
cattered ;  nucleus  moniliform,  the  nodules  irregularly  ovate, 
entrally  situated;  trichocysts  apparently  wanting.  Length 
►f  body  yj^  inch.  Habitat. — The  bacterial  pellicle  on  the  sur- 
ace  of  an  infusion  of  dead  leaves. 

The  movements  of  this  infusorian  are  slow  and  even,  with 
mcertain  changes  from  one  side  to  the  other,  and  with  equally 
mexpected  contortions  consisting  of  indescribable  twistings 
md  foldings  of  the  body.  The  creature's  remarkably  irregular 
mtline  is  made  more  so  by  the  two  little  projections  on  the 
x)sterior  part  of  the  dorso-lateral  border.  These  are  constantly 
)resent,  but  vary  somewhat  in  size  and  form.  What  utilitarian 
)arpose  they  may  subserve  it  is  difficult  to  conjecture. 

In  a  single  instance  I  have  observed  what  appeared  to  be 
renetic  union  of  two  of  these  animalcules.  The  combination 
"esulting  from  this  conjugation  was  almost  indescribably  irreg- 
liar,  being  thrown  into  numerous  folds  and  plications  and 
•ounded  projections,  the  entire  creature  exhibiting  the  most 
leliberate  and  grotesque  writhinKS  and  twiatings.  The  separate 
inimalcules  were  not  seen  previously  to  this  apparent  union, 
md  so  long  as  I  was  able  to  follow  the  apparent  combination, 
no  change  except  of  form  took  place.  The  normal  contour  of 
the  infusorian  is  shown  in  fig.  11. 

Spirostomum  loxodeSj  sp.  nov. 

Body  elongate-fusiform,  flattened,  six  to  seven  times  as  long 
as  broad,  widest  centrally,  tapering  slightly  toward  both  the 
anterior  and  posterior  extremities,  the  former  rounded  and 
curved  toward  the  left,  with  a  short  beak-like  projection,  the 
posterior  margin  truncate ;  cuticular  surface  obliquely  striate, 
the  cilia  of  the  anterior  and  posterior  borders  more  conspicuous 
than  those  of  the  general  surface;  peristome  field  occupying 
about  one-third  of  the  length  of  the  body  ;  nucleus  moniliform, 
the  nodules  ovoid ;  contractile  vesicle  extending  through  the 
entire  length  of  the  right-hand  border,  with  a  conspicuous  pos- 
terior dilatation ;  anal  aperture  postero-terminal.  Length  of 
My  ^  to  ^  inch.  Habitat. — Pond  water  in  Western  New 
York. 
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Iq  external  contoar  this  creature  bears  a  striking  resemblance 
to  Loxodes,  and  might  readily  be  mistaken  for  a  member  of 
that  genas  when  casually  examined  with  a  low  power  of  the 
microscope.  In  its  own  genus  it  approaches  nearest  to  iSptW 
iomum  teres  C.  &  L.,  which  is  without  the  acutely  pointed  sinis- 
tral curvature  of  the  anterior  margin,  and  diflfering  also  specifi- 
cally in  the  presence  of  a  moniliform  instead  of  a  single  ovoid 
nucleus,  and  in  the  proportion  borne  by  the  width  of  the  bodj 
to  the  length. 

Reproduction  takes  place  by  transverse  fission  probably  fol- 
lowing conjugation,  as  individuals  have  been  repeatedly  ob- 
tained in  the  latter  condition,  the  union,  as  observed,  being 
effected  by  the  mutual  adhesion  of  the  peristome  fields  through- 
out their  entire  length.  The  Free-swimming  infusorian  is  rep- 
resented in  fig.  12. 

Vaginicola  leptosomay  sp.  nov. 

Lorica  subcylindrical,  three  and  one-half  to  four  times  as  long 
as  broad,  slightly  inflated  centrally,  thence  rapidly  tapering  to 
the  narrow,  truncated  base  of  attachment,  the  lateral  borders  o( 
the  posterior  portion  often  undulate,  the  circular  anterior  mar- 
gin not  everted;  animalcule  attached  to  the  lorica  by  a  short 
pedicle,  the  extended  body  narrowly,  elongate-conical,  project- 
ing for  from  one-third  to  one-half  of  its  entire  length  beyond 
the  lorica  border,  the  cuticular  surface  finely  striate  transverse- 
Iv;  nucleus  elongate,  band-like.  Length  of  lorica  yf^  inch. 
Habitat. — Pond  water;  attached  to  Algae. 

The  lorica  in  form  resembles  that  of  Vaginicola  attenuaia 
(From.)  S.-K.,  but  is  just  twice  as  large,  besides  differing  in 
the  proportion  borne  by  the  length  to  the  width.  The  con- 
tracted body  of  V.  atienuata  is  described  as  urn-shaped;  the 
present  species  when  in  that  condition  is  simply  obovate.  The 
surface  of  the  former  is  smooth.  The  cuticular  striations  of  Y. 
lepiosoma  arc  distinctly  marked.  This  ornamentation  of  the  sur- 
face has  not  been  observed  on  any  of  the  previously  known 
species.  The  nucleus  is  remarkably  elongate,  extending 
through  nearly  the  entire  length  of  the  body.  The  lorica  and 
extended  animalcule  are  shown  in  fig.  13. 

Cothurnia  armulata,  sp.  nov. 

Lorica  ovate,  two  and  one-half  times  as  long  as  broad,  the 
posterior  one-fourth  widest  and  somewhat  inflated  yet  tapering 
to  the  pedicle  and  often  undulate,  the  posterior  margin  conspic- 
uously thickened  at  the  point  of  attachment  to  the  foot-stalk, 
the  anterior  three-fourths,  tapering  to  the  circular,  truncated 
margin,  which  is  not  everled;  ^^d\^V^  s»\[voTt^  ^U^htly  narrower 
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le  extremity  of  the  lorica,  where  it  is  apparently  widened 
ntinued  through  the  thickened  wall  as  a  longitudinally 
prolongation  or  footstalk  to  the  enclosed  zooid ;  extend- 
malcale  obconical,  protruding  but  a  short  distance  be- 
.he  lorica,  the  cuticular  surface  transversely  striate  and 
I  near  its  middle  a  narrow,  transverse  ring-like  elevation 
5e.  Length  of  lorica  x^  inch ;  greatest  width  -nVri 
1  of  aperture,  itjVf  •  Habitat. — Pond  water ;  on  Myrio- 
m. 

enclosed  animalcule  here  differs  from  all  hitherto  known 
in  the  possession  of  a  transversely  striated  cuticular 
,  and  the  ridge-like  elevation  encircling  the  central  por- 
the  body.  These  points  alone  are  sufficient  for  diagno- 
liough  the  lorica  also  differs  in  form  from  that  of  any 
isly  described  member  of  the  genus.  This  with  the  ex- 
animalcule  are  shown  in  fig.  14. 

fu«  vesicuhsuSy  sp.  nov. 

Y  elongate,  sub-fusiform,  produced  posteriorly  into  a 
g,  pointed,  retractile  tail-like  prolongation  equal  to  one- 
the  length  of  the  entire  bodv,  and  extendea  anteriorly 
narrow,  flattened,  flexible  and  extensile  neck,  about  one- 
le  entire  length  of  the  body,  its  frontal  border  slightly 
and  widened  and  bearing  trichocysts  at  the  tip;  dorsal 
rounded,  smooth,  the  ventral  flattened,  longitudinally 
ed  and  entirely  ciliated;  nuclei  two,  spherical,  subcen- 
ocated,  and  apparently  without  a  funiculus;  contractile 
3  numerous,  small,  scattered  throughout  the  cortical 
f  the  body  and  extending  in  a  series  through  the  neck 
Mike  prolongations ;  trichocysts  scattered  in  the  cortex 
center  of  the  body ;  parenchyma  of  the  entire  animalcule 
r  granular.  Length  of  the  extended  body  ^  inch, 
t — Pond  water ;  among  Myriophyllum. 
)rm  this  resembles  Litonoius  Wrzesniowskit  S.-K.,  but  is 
)tedly  distinct  The  relative  and  proportionate  length 
and  extensile  neck  to  each  other  and  to  the  central 
and  the  form  of  the  caudal  prolongation  are  very  con- 
isly  diflFerent  from  that  of  the  species  dedicated  to  the 
1  naturalist;  and  the  trichocysts,  instead  of  being 
?d  in  a  regular  row  at  the  border  of  the  neck  and 
5ly  directed,  are  scattered  in  no  apparent  order  through- 
I  cortical  layer  of  the  central  body  and  at  the  tip  of  the 
)ut  not  elsewhere.  This  portion  of  the  internal  struo- 
of  specific  value.  The  chief  diagnostic  characters,  how- 
Q  the  internal  structure,  are  the  presence  of  very  many 
,  quickly  and  irregularly  pulsating  contractile  vesicles 
;d  about  the  cortex,  while  in  the  animalcule  most  resem- 
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bling  it  the  pulsating  vacuole  is  large,  single,  and  locaiad  fiear 
the  origin  ot  the  caudal  extremity.  From  Liionoltu  pleurtrng- 
may  described  by  the  writer  in  tne  American  Monthly  Micro- 
scopical Journal  for  July,  1884,  for  which  it  might  perhaps  be 
mistaken  if  observed  only  in  its  contracted  state,  it  differs  in 

?[reater  extensibility  of  the  neck  and  tail,  in  the  absence  of  the 
uniculus  between  the  two  nuclei,  and  especially  in  the 
arrangement  of  the  contractile  vesicles,  those  of  L.  pkurosigma 
being  disposed  in  two  rows,  one  on  each  side  of  the  body  near 
the  ventral  surface,  while  with  L.  vesiculosua  they  are  not  only 
more  numerous,  but  are  scattered  throughout  the  body  cortex 
as  well  as  through  the  tail  and  neck. 

Reproduction  is  by  transverse  fission,  the  dividing  plane 
passing  between  the  nuclei  which  have  previously  separated  so 
that,  as  fission  proceeds,  each  part  of  the  animalcule  baa  a 
single  endoplast  Each  nuclear  nodule  then  elongates,  quite 
rapidly  divides  transversely,  the  parts  separating  and  becoming 
subspherical  with  some  rapidity,  so  that  before  the  completion 
of  the  reproductive  act,  each  infusorial  moiety  possesses  two 
disconnected  nuclei,  as  did  the  parent  The  mature  infororian 
is  shown  in  fig.  16. 

Litonotua  carinatuSy  sp.  nov. 

Body  elongate-lanceolate,  five  to  six  times  as  long  as  broad, 
extensile  to  a  linear  or  subc3'Hndrical  form  with  vermicular 
movements,  transparent  and  flexible,  the  tail-like  prolongation 
short,  obtuse,  the  neck-like  portion  in  the  mature  zooid  not 
distinctly  distinguishable  from  the  body,  the  anterior  extrem- 
ity slightly  curved  toward  the  right,  not  dilated;  entire  dorsal 
aspect  traversed  lengthwise  by  a  narrow,  convex,  keel-like 
elevation ;  the  ventral  surface  longitudinally  striate,  entirely 
ciliate ;  oral  apertur .^  subterminal ;  nucleus  double,  subcen- 
trally  placed,  the  nodules  ovate  and  apparently  connected  witb- 
out  a  funiculus;  contractile  vesicle  single,  near  the  posterior 
extremity  ;  trichocysts  few,  confined  to  the  left-hand  oorderof 
the  anterior  body-half.  Reproduction  by  transverse  fission. 
Length  of  body  y^  to  -^j^  inch.  Habitat. — The  bacterial  pelli- 
cle on  the  surface  of  an  infusion  of  dead  leaves. 

The  infusorian  is  represented  in  its  dorsal  aspect  in  fig.  16. 
It  was  obtained  in  great  abundance  on  and  beneath  the  jelly- 
like layer  of  bacterial  and  fungoid  growths  covering  the  surface 
of  an  infusion  of  various  kinds  of  leaves,  forming  for  sometime 
the  prevailing  animalcule.  It  cannot  be  easily  mistaken  for 
any  other  species  of  the  genus. 
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trichocyatuSj  Rp.  nov. 

iloDgate-lanceolate,  flexible  and  extensile,  six  to  ei^ht 
long  as  broad,  widest  centrally,  slightly  tapenne 
he  anterior  extremity  which  is  somewhat  curved 
le  right  hand  and  depressed,  but  not  conspicuously 
jhable  from  the  body  proper ;  tail-like  prolongation 
jteriorly  rounded ;  ventral*  surface  longitudinally  fur- 
itirely  ciliate;  endoplasm  usually  coarsely  fzranular; 
iouble.  the  nodules  subspherical,  subcentrally  placed 
lected  by  a  funiculus;  contractile  vesicle  single,  near 
rior  extremity;  trichocysts  large,  numerous,  princi- 
ifined  to  the  anterior  oody-half  and  the  posterior 
r,  in  the  former  being  arranged  in  an  obliquely 
series  along  the  left-hand  border,  a  cluster  at  the 
argin,  a  few  on  the  right-hand  border,  many  scattered 
y  through  the  cortex  of  the  center  of  this  region,  and 
lar  cluster  at  the  extremity  of  the  caudal  prolonga- 
ngth  of  body  -j-J^q  to  ^^  inch.  Reproduction  by 
B  fission.  Habitat — With  the  preceding  in  a  vegeta- 
on.  • 

ned  in  dorsal  or  ventral  optical  section  this  infusorial) 
in  extent  resembles  LiUmotus  fasdola  (Ehr.)  S.-K.  It 
er,  easily  distinguishable  by  its  shorter  and  less  con- 
y  flattened  neck-like  part,  and  especially  by  the  num- 
rrangement  of  the  trichocysts,  which  are  constant  and 
titute  the  chief  structural  character,  aside  from  con- 
^hich  the  animalcule  may  be  readily  identified.  It  is 
i  in  its  extended  state  in  fig.  17.  When  contracted  it 
broadly  lanceolate. 

fluviatiliSy  sp.  nov. 

rregularly  ovate,  one  and  one-half  times  as  long  as 
idest  and  rounded  posteriorly^  the  left-hand  lateral 
uncate,  the  anterior  lip-like  projection  rounded  and 
ventral  surface  longitudinally  furrowed,  entirely  cili- 
cilia  of  the  frontal  border  the  most  conspicuous; 
oove  oljscure  or  absent;  rjucleus  large,  ovate,  sub- 
situated  ;  contractile  vesicles  numerous,  scattered,  a 
'ge,  terminal  vacuole  often  developed  at  the  posterior 
^  Length  of  body  -j^  inch.  Habitat — The  water 
laware  River  at  Trenton,  N.  J. 

iilers  from  all  other  forms  in  its  shape,  the  straight 
margin,  which  is  thus  far  characteristic  of  it,  in  the 
f  the  lip-like  prominence  and  the  adoral  groove,  and 
jference  for  water  not  entirely  still.  The  specimens 
n  with  Alg»  from  a  rapid  stream  which  forms  the  waste 
e  feeder  to  the  Delaware  and  Baritan  canal,  the  water 
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coming  originally  from  the  Delaware  river,  and  at  the  point  where 
the  Ghilodon  was  obtained  returning  to  it  once  more,  daring  ite 
passage  forming  in  the  hollows  of  the  rocks  and  among  the  little 
neaps  of  stones,  small  comparatively  still  pools  where  the  oddly 
shaped  creature  was  oftenest  captured.  It  of  course  hardly 
lives  and  thrives  in  a  foaming  brook,  nor  stems  the  current  of 
a  miniature  rapid,  yet  it  s^ms  to  prefer  a  locality  where  the 
water  is  not  placid  as  a  mill-pond,  although  it  will  take  kindly 
to  quiet  surroundings.  I  have  preserved  it  in  a  vessel  on  my 
table  for  some  weeks. 

When  under  prolonged  observation  it  frequently  develops  t 
large,  posteroterminal  vesicle  in  addition  to  the  pulsating 
vacuoles  constantly  present,  occupying  the  entire  width  of  the 
terminal  border  and  contracting  at  long  intervals.  The  ani* 
maloule  is  shown  in  fig.  18. 

Chilodon  caudatus^  sp.  nov. 

Body  irregularly  obovate,  once  and  one-half  to  twice  as  loni 
as  broad,  widest  anteriorly,  the  frontal  border  and  right-band 
lateral  margin  rounded,  the  posterior  extremity  of  tiie  flat, 
entirely  ciliated  ventral  surface  tapering  to  an  acute  point,  the 
symmetry  of  the  left-hand  lateral  border  interrupted  by  the 
sudden  narrowing  of  the  body,  thus  forming  a  conspicuoua, 
acute,  sinistrally  projecting  lip-like  extension;  the  poi»terior 
extremity  of  the  smooth,  convex  dorsal  region  produced  in  a 
short,  conical,  acuminate,  free  but  motionless,  spur-like  prolon- 
gation ;  cilia  of  the  frontal  border  longest  and  conspicuous; 
ciliated  adoral  groove  distinct;  oral  aperture  on  the  right  hand 
side  of  the  median  line  in  the  anterior  body-half;  contractile 
vesicles. numerous,  scattered;  nucleus  sub-spherical,  coarsely 
granular,  posteriorly  located;  anal  aperture  on  the  right-hand 
border  near  the  posterior  extremity.  Length  of  body  y+tt  ^"^^' 
Habitat.  —Standing  water,  with  Azolla  Caroliniana  Willd. 

In  other  species  a  common  characteristic  of  the  dorsal  region 
is  to  become  suddenly  elevated,  and  so  merged  into  the  general 
surface  as  to  leave  a  comparatively  flat  margin  or  rim  sur- 
rounding the  lateral  and  posterior  and  often  the  frontal  bor- 
ders; but  here,  while  this  plane  extension  of  the  body  exists 
laterally  and  at  the  rear,  it  is  obscure  or  obsolete  anteriorly, 
and  the  postero-terminal  border  of  the  dorsum  is  continued  as 
an  acuminate  and  rigid  spur.  This  extension  is  not  a  mere 
narrowed  portion  adhering  to  the  flattened  region  beneath,  but 
a  free  and  disconnected  yet  inflexible  projection.  That  this 
has  any  other  than  an  ornamental  fimction  I  have  not  obs^ved. 
It,  with  the  prominent  anterior  lip,  will  render  the  infusorian 
readily  recognizable.  The  dorsal  aspect  of  the  animalcule  is 
sho^n  in  fig.  19,  and  u  d\tv.?f.Ttxvc\v£\\\\.\^  ow\.l\w^  ot  the  posterior 
portion  in  long\tud\i\a\  aec\AOT\  \w  ^^.  ^^^ 
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)sxiOTSiCHA  (deStoiy  on  the  right-hand  aide^  rpixiov,  a  Utile 
hair)y  gen.  nov. 

Animalcules  free-swimming,  persistent  in  shape,  entirely 
iliate,  elongate-ovate  or  subreniform,  rounded  posteriorly ; 
ml  aperture  ventral,  followed  by  a  short,  entirely  ciliated, 
haryngeal  passage;  one  or  more  fine,  hair-like  set®  project- 
ig  from  the  posterior  extremity  of  the  body,  and  a  single 
iries  of  flexible,  setose  cilia  extending  transversely  across  the 
iterior  right-hand  ventral  and  lateral  borders  from  the  margin 
Fthe  oral  aperture  to  the  margin  of  the  dorsal  surface ;  nui^leus 
irate;  contractile  vesicle  single;  anal  aperture  posteriorly 
tuated. 

In  several  structural  points,  in  one  attribute  especially,  the 
ifusorian  for  which  this  new  genus  is  instituted  differs  from 
II  known  animalcules.  Its  ordinal  position  is  with  the  Hete- 
)tricha,  and  when  a  systematic  treatise  shall  be  written  on  our 
imerican  infusoria,  it  will  probably  demand  the  formation  of 
new  family  group  for  its  reception.  It  approaches  nearest  to 
16  BursariadsB  of  Stein,  but  aiverges  widely  from  the  mem- 
ers  of  that  family  in  the  absence  of  the  conspicuous,  excavate 
eristome  field,  and  especially  in  the  presence  of  the  row  of 
doral  cilia  on  the  right-hand  side  instead  of  the  left,  and  in 
lie  presence  of  a  ciliated  pharynx,  a  feature  to  be  distinguished 
nly  under  high  amplification  and  the  most  favorable  position 
f  the  infusorian  and  the  direction  of  the  illuminating  ray. 
'urthermore,  the  possession  of  a  posteriorly  projecting,  filiform 
3ta  would  alone  force  it  out  of  that  group. 

^exiotricha  plagiay  sp.  nov. 

Body  elongate-ovate,  two  and  one-half  to  three  times  as  long 
broad,  the  whole  surface  bearing  minute,  hemispherical  pro- 
berances  which  give  the  infusorian,  in  optical  section,  a 
enulate  outline;  both  extremities  rounded,  the  posterior 
le  widest,  the  frontal  one  slightly  curved  toward  the  ventral 
pect,  the  anteriorly  placed  ventral  concavity  thus  formed 
cupied  by  the  ovate  oral  aperture;  pharynx  short,  slightly 
curved,  its  cilia  projecting  beyond  the  oral  aperture;  cilia 
tose;  a  single  series  of  flexible,  somewhat  curved,  setose  cilia 
tending  from  the  right-hand  margin  of  the  oral  aperture  ob- 
[uely  backward  and  transversely  across  the  right-hand  aide  of 
e  body  to  the  border  of  the  dorsal  surface;  a  single,  long,  fili- 
rm  seta  projecting  from  the  posterior  extremity ;  nucleus  ovate, 
bcentrallv  placed ;  contractile  vesicle  single,  spherical,  situ- 
3d  near  the  center  of  the  ventral  surface,  at  the  right  of  the 
3dian  line;  endoplasm  enclosing  numerous  small  corpuscles, 
parently  bi-concave;  anal  aperture  on  the  ventral  surface 
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Dear  the  posterior  extremity.     Length  ^W  to  j|^  inch.    Hab-   i 
itat — An  infusion  of  dead  leaves.    Keproduction  by  transvene 
fission. 

The  object  of  the  unique,  one-sided  arrangement  of  the 
adoral  cilia  is  to  direct  food  particles  \o  the  mouth.  When  the 
animalcule  is  quietly  feeding,  the  cilia  of  the  general  cuticolar 
surface  are  all  quiescent,  with  the  exception  of  those  on  the 
right-hand  side  in  advance  of  the  adoral,  lateral  hedge  of  setose 
bristles.  These  alone  being  in  motion,  the  currents  which 
they  produce  carry  the  food  particles  against  the  stifly  upheld 
cilia  whose  obliquely  directed  course  turns  the  stream  down-  \ 
ward  and  forward  to  the  oral  aperture.  The  pharyngeal  cilia 
project  beyond  the  orifice  in  a  comb-like  fascicle  only  to  be 
distinguished  when  the  animalcule  is  resting  and  these  appen 
dages  are  motionless.  The  infusorian  is  shown  in  its  right- 
hand  lateral  aspect  by  fig.  22,  and  the  projecting  pharyngeal 
cilia  in  fig.  23. 

Trenton,  N.  J. 

EZPLANATIOK  Of    FlGUBBS — PlATB  III. 

Fig.    1.  FhyBomonas  veatit<ij  sp.  dov.     x  667. 

Fig.    2.  BicoBOdca  lepteca^  sp.  nor.     x  1200 

Fig.    3.  Bicoaaca  l^tostomck^  sp.  nov.     x  1200. 

Fig.    4.  Bicomxca  longipesy  sp.  nor.     x  1200. 

Fig.    5.  Styhbryon  AbboUi,  sp.  nov.     x  600. 

Fig.    6.  Derepyxis  amphora^  gen.  et  sp.  nov.     x  900. 

Fig.    7.  Derepyxis  oUtUa^  sp.  nov.     x  900. 

Fig.    8.  Chilomonaa  avata,  sp.  nov.      x  1575. 

Fig.    9.  Ch.  ovata  after  coi^ugation  with  empty  cuticular  sac  adhering. 

Fig.  10.  Ch.  ovata  in  conjugation. 

Fig.  11.  Loxophyllum  Jlexilia,  sp.  nov.      x  260: 

Fig.  12.  Spirostomum  loxodes^  sp.  nov.      x  187. 

Fig.  13.  Vaginicola  leptosomc^  sp.  nov.      x  180. 

Fig.  14.  Coihumia  anulata^  sp.  nov.      x  677. 

Fig.  15.  Litonotus  vesiculoaua^  sp.  nov.      x  100. 

Fig.  16.  LUonoius  carinatus^  sp.  nov.     x360. 

Fig.  17.  Litonotus  trichocystua,  sp.  nov.      x  360. 

Fig.  18.  Chilodon  fluviatilis^  sp.  nov.      x400. 

Fig.  19.  ChUodon  caudaiua^  sp.  nov.      x  720. 

Fig.  20.  Ch.  caudatus  in  posterior,  longitudinal  optic  section.     Diagram. 

Fig.  21.  Tillina  hdia,  sp.  nov.      x  270. 

Fig.  22.  Dexiotricha  pUtgia^  ge«.  et.  sp.  nov.      x  530. 

Fig.  23.  jD.  plagia^  sliowing  dilation  of  the  pharynx. 


Art.  XLIII. — Paleozoic  Notes;  New  Oenus  of  Cambrian  Trib- 
bites,  Mesonacis  ;  by  CHARLES  D.  WaLCOTT,  o*£  the  United 
States  Geological  Survey. 

When  collecting  fossils  at  Parker's  quarry,  in  the  town  of 
Georgia,  Vermont,  in  the  season  of  1883,  we  found  a  specimen 
of  Olenellus    Vei'montana   that  appeared   to  have  a  body  of 
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)ite  attached  to  it,  back  of  the  fifteenth  segment. 
B.  Harlburt,  of  Utica,  N.  Y.,  was  oolleciing  in  the 
and  found  a  more  perfect  specimen  that  showed 
iture  of  the  trilobite.     It  was  discovered  to  be  the 


Kg.  2- 


BnlBTgement  of  the  posterior  portton 
of  Pig.  1,  Ehow[Dg  (he  Bpine  on  tho 

l[>tb  sef^ment  and  the  posterior  10  seg- 
mentB  anil  pjgidium. 

type  of  an  undeacribed  genus 
that  apfiears  to  be  intermedi- 
ate between  the  genera  Para- 
doxides  and  Olenellua,  or  a 
form  in  which  the  characteris- 
tics of  Paradoxides  are  chang- 
ing into  those  of  Olcnellua,  the 
bend  and  first  fourteen  seg- 
,  in  alt  particulars,  the  type  of  Oleneilus,  and  the 
id  ten  posterior  segments  more  the  type  of  Para- 
fifteenth  segment  represents  the  lelson  of  Olenellua 

ith  segment  fits  snugly  up  against  the  fourteenth  ; 
e  is  strong,  and  supports  the  base  of  a  long,  slender 
8  now  preserved,  extends  back  to  the  pygidium; 
the  spine  originates  on  the  dorsal  surface  of  the 
also  extends  back  so  as  to  include  the  posterior 
causes  the  latter  to  curve  back  towards  the  center  ; 
ileures  of  the  segment  are  short  and,  in  structure, 
epresentatives  of  the  large  pleurte  of  the  segments 
le  fifteenth. 
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The  succeeding  eleven  posterior  segments  appear  as  though 
formed  of  a  more  delicate  test  than  the  anterior  portions  of  the 
body,  as  they  are  much  more  flattened  and  compressed  than  the 
latter,  and  the  plural  grooves  are  almost  obsolete.  The 
pysidium  is  also  small  and  delicate. 

The  body,  back  of  the  spine-bearing  segment,  appears  as 
though  belonging  to  a  different  animal,  and  looks  more  like 
that  of  a  Bemopleurides  than  either  Olenellus  or  Paradoxides, 
but  on  a  close  examination,  the  pygidium  is  found  to  be  mach 
like  that  of  Paradoxides  rugidoaus^  and  the  free  pleurse  bend 
back  as  in  that  speciea 

For  this  form  the  genus  Mesanacia  is  proposed.  One  other 
species,  0.  Howellij  from  Central  Nevada,  will  probably  be  re- 
ferred to  it  when  the  thorax  and  pygidium  are  found,  as  the 
head  is  very  closelj  related  to  that  of  if.  Vermontana. 

The  stratigraphic  position  of  Af.  Vermontana  is  eleven  bun* 
dred  feet  from  the  base  of  the  Georgian  G-roup,  in  the  argillace- 
ous shales  at  Parker^s  quarry,  town  of  Geoi]gia,  Franklin  coan- 
ty,  Vermont,  where  it  is  associated  with  Olenellus  I7iomp$om\ 
Protocaris  Marshi,  Ptychoparia  Adamsi,  etc. 

The  Georgian  Group,  in  Vermont,  consists  of  one  thoiwanii 
feet  of  magnesian  limestone  at  the  base,  overlaid  by  from  eight 
thousand  to  nine  thousand  feet  of  argillaceous  shales  io  which 
great  lenticular  masses  of  limestone  occur  that  carry  a  fauna 
similar  to  that  of  the  shales.  The  base  of  the  group  and  also 
its  summit  is  at  present  unknown. 

In  Central  Nevada,  in  an  unbroken  section,  the  Potsdam 
fauna,  as  found  in  New  York  and  Wisconsin,  occurs  four  thous- 
and feet  above  the  characteristic  Georgian  fauna,  the  interven- 
ing vStrata  being  entirely  formed  of  limestones. 

In  a  paper  now  in  course  of  preparation  by  the  writer,  sec- 
tions will  be  given  ,  accompanied  by  lists  of  fossils,  to  show  the 
relations  of  the  St.  John  (Paradoxides),  Georgian  (Olenellus) 
and  Potsdam  (Dicellocephalus)  Groups,  or  the  Lower,  Middle 
and  Upper  Cambrian. 

In  Bulletin  10,  of  the  U.  S.  Geological  Survey,  the  subgenus 
Salteria  is  proposed  by  the  writer  to  include  Concoryphe  BaiUyi^ 
Hartt  and  C,  venulosa  Salter  of  the  Lower  Cambrian.  The 
name  had  been  previously  given  to  a  genus  of  trilobites  (Mem. 
Geol.  Surv.  Brit.  Organic  Remains,  Dec.  xi,  pi.  vi)  which  neces- 
sitates the  substitution  of  another  subgeneric  name  for  the 
species  mentioned.  Mr.  G.  F.  Matthew  (Trans.  Roy.  Soc 
(.'anada,  vol.  xi,  description  of  pi.  i)  having  proposed  the  name 
BcvJiella,  that  will  replaf»e  Sateria  as  applied  to  Conocoryphe 
{BailUeHa)  Bailey i  of  the  St.  John  Group. 
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SCIENTIFIC     INTELLIGENCE. 
I.  Chemistry  and  Pbtfsics. 

I.  On  the  Specific  Heat  of  the  Elements  at  High  Tempera- 
Wet. — Id  the  conrse  of  their  reBearches  on  the  heat-relations  of 
ke  explosion  of  gaseous  mixtures,  Berthelot  and  Yi bills  have 
leen  able  to  obtain  the  specific  heat  of  the  elementary  gases  at 
^h  temperatures.  The  experimental  data  were  obtained  by 
lie  combustion  of  cyanogen  mixed  with  sufficient  oxygen  to 
DDTert  it  into  carbon  monoxide  and  nitrogen  ;  two  gases  which 
iTe  sensibly  the  same  specific  heat.  From  the  pressure  devel- 
ped  in  the  explosion,  the  temperature  referred  to  the  air  ther- 
IOmeter  was  calculated;  and  irom  the  total  quantity  of  heat 
rodaced  and  the  temperature,  the  specific  heat  ^at  constant 
olnme)  of  the  resulting  gaseous  mixture  was  derivea,  and  hence 
he  specific  heat  of  either  of  the  resulting  gases.  The  results  of 
ix  experiments  of  this  sort  were  as  follows : 

Mixhiirei,    developed,  atm, 
CN,  +  0,  25.11 

C,N,  +  O, -f  UN,  20-67 
CN,  +  0,  +  2N,  16-26 
CN,  +  0,-fHNi  11-78 
C,Ns  +  2X0  23-34 

C,N,  +  2N,0  26-02 

[t  will  be  noticed  that  the  numbers  obtained  are  closely  identical 
irhether  oxygen,  nitrogen  monoxide  or  dioxide  is  used  to  effect 
^e  combustion ;  thus  at  4400®  the  specific  heat  with  oicygen  is 
HO  and  with  nitrogen  dioxide  9'86,  the  ratio  of  N  to  CO  being 
I  :  1  by  volume.  At  4000°,  with  oxygen,  the  specific  heat  was 
found  to  be  8*39,  and  with  nitrogen  monoxide  8'43y  the  ratio  of 
N  to  CO  beiiiff  3  :  2  by  volume.  Moreover  it  will  be  observed 
that  the  specific  heat  increases  rapidly  with  the  temperature. 
This  increase  may  be  expressed  as  a  function  of  the  temperature 
by  the  empirical  formula 

C=6  7+0-0016(t-2800) 

• 

giving  the  following  calculated  value:  at  2800%  6-7  ;  3200°,  7*3; 
4000®,  8*6;  and  4400°,  9*3;  the  obeerved  numbers  being  6-7,  7'9, 
8*4  and  9*6  respectively.  These  numbers  may  be  adopted  as  ex- 
pressing, at  high  temperatures  and  constant  volume,  the  molec- 
liar  specific  heat  of  the  simple  gases,  N„  H,  and  O,  as  well  as 
ofthecompund  gas  CO  which  is  closely  related  to  them.  It  is 
lierefore  evident  that  in  passing  from  0®  to  4500®  the  mean 
pecific  beat  of  the  elementary  and  simple  gases  nearly  doubles. 
liere  is,  however,  another  group  of  elementary  and  of  compound 


Heat 

Specific  hetU 

evolved. 

Tmnperaiwrt. 

TotaLForJUiandCO. 

126500  cal 

4394* 

2881 

9-60 

126500 

4024 

31-46 

8-39 

126500 

3191 

39-67 

7-93 

126500 

2810 

45-05 

6  67 

169800 

4309 

39-39 

9-85 

168400 

3993 

42-17 

8-43 
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gases  to  be  considered.  Regnault  showed  that  the  specific  hett 
of  chlorine,  bromine  and  iodine  were  higher  than  tnat  of  the 
other  elements,  being  6*6  at  constant  volume  instead  of  4*8. 
The  remarkable  fact  is  that  this  specific  heat  is  closely  the  same 
as  that  of  the  compound  gases  which  are  formed  with  a  con- 
traction of  one-third  in  volume,  as  water,  nitrogen  monoxide  and 
carbon  dioxide.  The  data  were  obtained  by  combining  chlorine 
and  hydrogen  in  presence  of  an  excess  of  one  or  the  other  of 
these  gases ;  from  which  it  appeared  that  the  weight  f  CI  was 
sensibly  equal  to  that  of  H,.  The  mean  specific  heat  of  chlorine 
at  constant  volume  was  found  to  be  at  1800°  nearly  three  times 
that  of  hydrogen ;  the  latter  being  5*1  and  the  former  15*3  nearly. 
Chlorine  comports  itself  toward  oxygen  as  osone  would  do  if  it 
were  stable  and  were  formed  with  the  evolution  of  heat. — Ann. 
Chem,  Fhys,^  VI,  iv,  66,  Jan.  1886.  g.  f.  b. 

2.  On  the  Specific  Heat  of  Water  and  of  Carbon  dioxide  at 
Migh  Temperatures, — In  a  second  paper,  Bbrthblot  and  Vibilli 
have  given  the  results  of  similar  calculations  to  determine  the 
mean  molecular  specific  heat  of  water  and  of  carbon  dioxide. 
The  hydrogen  was  burned  with  oxygen  either  alone  or  mixed 
with  nitrogen ;  in  the  latter  case  the  specific  heat  of  the  nitrogen 
was  subtracted.  The  following  table  gives  the  data  and  the 
calculated  values  obtained : 

Mean  moL  spec 
Ibtal  specific  Sp,  Heat    heat  of  fl,0  he- 
Mixture.          7.                  heat.  of  the  K    koeem  0®  amd  T*. 
Ha  +  O               3240»               18-12  18.12 
Ha  +  O  +  iN      2860                 20-52  1*69                 1883 
H9  +  O  +  N9       2543                 2308  6-26                 16-82 
Ha  +  0  +  2Na     2180                 26-93  11-36                 15-57 
H9  +  O  +  3N,     1798                 32-05  15-21                  16.84 
H9  +  N9O          3133                 2509  7-20                 17-89 
Ha  +  NaO  +  Na  2601                  3060  12-70                  17.90 

The  value  given  in  the  fifth  experiment  is  not  regarded  as  reliable 
as  the  others,  since  the  large  amount  of  inert  gas  present  caused 
the  combustion  to  be  twelve  times  as  slow.  It  will  be  observed 
that  here  also  the  specific  heat  increases  with  the  temperature. 
1  he  authors  represent  this  increase  by  the  empirical  formula: 

0=  16-2 +  0-0019(T— 2000) 

Since  the  mean  specific  heat  of  water  vapor  between  130°  and 
5230°  is  6 '65  at  constant  volume,  it  appears  that  it  is  more  than 
doubled  at  2000®  and  tripled  at  4000°.  On  comparing  the 
elementary  specific  heat  of  the  vapor  of  water  with  that  of  its 
constituent  elements,  it  appears  that  the  former  value  is  in  excess 
of  the  latter  at  2000°  by  I'O  and  at  4000°  by  5-1.  This  excess 
represents  a  double  work,  first  that  of  the  molecular  disaggrega- 
tion of  the  compound  gas,  and  second  that  of  its  chemical  disso- 
ciation. The  values  obtained  for  carbon  dioxide  are  given  u 
follows : 
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Total 

Specific  heat 

Specific  heat 

Mixture. 

T. 

specific  heat 

of  the  K. 

of  the  CO,. 

CO  +  0 

3334* 

20-40 

20-40 

CO+O+N 

2840 

24-02 

3-36 

20-66 

C0-4-0  +  N, 

2548 

26-69 

6-27 

20-42 

CO  +  0  +  N» 

1807 

37-47 

12-67 

24-80 

C,N,  +  0; 

4862 

64  00 

10  00 

22.00 

C,Na  +  04  +  N, 

4082 

64-31 

17-50 

23-40 

C,N,+4NaO 

3972 

86.71 

42-70 

2200 

3  fourth  of  theBe  results  is  inaccurate  owing  to  the  extreme 
nrness  of  the  combustion.  The  results  with  CO  give  a  mean 
ae  of  20-5  between  0°  and  2900° ;  those  with  CN  give  22*5 
ween  0°  and  4300°.  Taking  them  together  they  may  be  rep- 
ented by  the  empirical  formula: 

C=  19-1  +  0-0015(T— 2000) 

18  gives  for  the  elementary  specific  heat  of  carbon  dioxide  at 
i0°,19-l  ;  at  3000*,  22-1  and  at  4000°,  26-1.  The  mean  specific 
.t  of  this  gas,  therefore,  more  than  triples,  and  the  elementary 
cific  heat  quadruples,  between  0°  and  4300°. — Am,  Chim, 
ys.y  VI,  iv,  74,  Jan.,  1886.  o.  f.  b. 

I.  On  the  Action  of  Hydrogen  peroxide  on  the  Hydrates  of 
rarer  earths, — Cl^ve  has  studied  the  production  of  peroxides 
the  rarer  earth-metals  by  the  action  of  hydrogen  peroxide  upon 
ir  hydrates.  Gelatinous  precipitates  were  obtained  which 
re  washed  by  decantation,  care  being  taken  to  avoid  elevation 
temperature,  and  in  some  cases  dried  over  sulphuric  acid.  The 
fgen  was  determined  by  dissolving  the  moist  precipitate  in 
ate  sulphuric  acid  and  titrating  the  hydrogen  peroxide  thus 
raed  with  permanganate.  In  the  dry  precipitates  the  oxygen 
8  determined  by  dissolving  them  in  dilute  sulphuric  acid  con- 
ning ammoniacal  ferrous  sulphate,  and  titering  back  with  per- 
Dganate.  Hydrogen  peroxide  gave  the  same  result  with  both 
ise  methods ;  but  cerium  peroxide  gave .  only  half  as  much 
y'^en  by  the  first  method  as  by  the  second.  The  oxides  of 
;num,  lanthanum,  samarium  and  didymium,  whose  formula  is 
0„  act  in  the  same  manner  with  H,0,  and  give  peroxides  of  the 
mula  R^0„  approaching  RjO^.  The  oxides  of  zirconium  and 
ium,  RO,,  give  like  titanic  acid  peroxides  of  the  formula  RO,. 
e  oxide  of  thorium,  which  belongs  to  the  same  group  gives  the 
-oxide  R,0^ — BuU.  Soc,  Chim.y  II,  xliii,  53,  Jan.,  1886. 

O.    F.    B. 

k  On  the  Determination  of  small  quantities  of  Hydrogen  sul- 
Ide  in  Gaseous  mixtures, — For  the  purpose  of  determining  the 
iDtity  of  hydrogen  sulphide  contained  in  mixtures  of  gases, 
noND  passes  the  gas  to  be  tested  through  a  series  of  bulbs  con- 
ling  a  known  quantity  of  titred  solution  of  silver  nitrate, 
soon  as  the  silver  in  the  first  bulb  is  entirely  precipitated  as 
phide,  the  precipitation  begins  in  the  second.  If  the  quantity 
I  strength  of  the  silver  solution  in  each  bulb  corresponds  to  a 
inite  quantity  of  sulphur,  say  0*01  per  cent,  then  it  is  only 

M.  JouB.  Soi.— Third  Series,  Vol.  XXIX,  No.  172.— A^eil^  ISE^. 
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necessary  at  the  end  of  the  experiment  to  coant  the  bulbs  conia 
ing  sulphide  and  the  quantity  of  sulphur  in  the  gas  pass 
through  the  apparatus  is  at  once  known.  Obviously  the  limit 
accuracy  in  the  method  may  be  varied  at  will  by  varying  t 
strength  of  the  solution  and  the  number  of  bulbs.  If  the  lest 
to  determine  only  whether  the  amount  of  sulphur  is  inferior  tc 
certain  maximum  limit  or  not,  two  bulbs  suffice.  In  the  first  t 
quantity  of  the  reagent  corresponding  to  this  maximum  is  plac( 
if  any  blackening  appears  in  the  second,  then  there  is  an  excess 
sulphur  over  the  permissible  amount. — Jitdl.  Soc,  Chim.^  [ 
xliii,  70,  Jan.,  1885.  G.  F.  a 

6.  On  the  Atomic  freight  of  Titanium, — Thorpe  has  made 
series  of  elaborate  and  careful  determinations  of  the  atom 
weight  of  titanium,  ut^ing  several  methods.  The  product  ei 
ployed  was,  in  the  lormer  set  of  experiments,  titanium  tetrachl 
ride  and  in  the  latter  titanium  tetraoromide.  In  the  first  meth( 
a  known  quantity  of  the  tetrachlonde  was  placed  in  water, 
quantity  of  silver  slightly  less  than  was  required  to  complete 
precijutate  it  was  dissolved  in  nitric  acid  and  added  to  it,  ai 
then  the  remaining  excess  of  chlorine  estimated  by  means  of 
graduated  solution.  Eijrht  experiments  gave  48*06,  48*07,  47'S 
48*04,  48*04,  48*06,  47*94,  47*93.  In  the  second  method  the  pi 
cipitated  silver  was  collected  and  weighed,  and  gave  47*99,  47*9 
4800,  48*06,  48*05.  The  third  method  consisted  in  decomposii 
a  known  quantity  of  the  tetrachloride  with  water,  evaporatii 
the  product  to  dryness  in  a  platinum  dish  and  weighing  t 
resulting  titanic  oxide.  Six  experiments  gave  47*93,  48*00,  47*f 
47-96,  47*98,  4794.  In  the  second  set  of  experiments,  teti 
bromide  was  used.  When  decomposed  with  water  and  titer 
with  silver,  the  numbers  obtained  were  48*04,  48*06,  48*02,  48( 
4804.  The  weighed  AgCl  gave  47*95,  47*99,  48*19,  48( 
Conversion  into  titanic  oxide  gave  48*08,  47*97,  47*94.  The  uui 
ber  48  which  corresponds  to  MendelejefTs  table  is  the  most  pro 
able  atomic  weight. — J.  Chem,  Soc,^  xlvii,  108,  Feb.,  1885. 

G.    F.   B. 

6.  On  liaffinose  from  Molasses, — Tollens  has  examined 
sample  of  sugar  which  crystallized  out  of  a  molasses  prepared  in 
sugar  house  by  precipitation  with  strontium  hydrate.  The  crysU 
were  separated  by  washing  with  alcohol  from  the  adhering  syrc 
and  purified  by  recrystallization.  On  analysis  they  afforded  t 
formula  C„H„0„-f-(H,0),.  When  the  normal  solution  was  € 
amined  in  the  polariscope,  it  gave  a  specific  rotation  (a)D=:102 
— 103°.  When  heated  with  sulphuric  acid,  the  rotation  fell  to  4*' 
Fehling's  solution  is  unaffected  by  it;  but  this  solution  is  strong 
reduced  by  it  after  the  action  of  acids.  It  resembles  the  raffino 
ofLoiseau  and  the  nielitose  of  Berthelot. — Ber,  Berl,  Chem.  Ge 
xviii,  26,  Jan.,  1885.  G.  F.  B. 

7.  Influence  of  an  Electric   Current  in  modifying  the  ratt 
thinning   of  a  liquid  filnt. — Professors   Reinold  and  Kuckj 
have  discovered  that  an  electric  current  passing  through  thinsoa 
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ibble  films  modifies  in  an  interesting  manner  the  rate  of  thinning 
the  films.  The  liquid  employed  was  either  a  solution  of  potash 
ap  in  water  or  Plateau's  liquide  glycerique  containing  a  certain 
oportion  of  niter  to  increase  its  conductivity.  The  films  had 
e  form  of  vertical  cylinders — the  upper  and  lower  supports  be- 
y  of  platinum.  The  films  were  blown  with  air  which  was  first 
led  and  then  passed  over  some  of  the  soap  solution  in  a  wide 
be  so  that  the  condition  of.  the  air  inside  the  tube  was  ap- 
oximately  that  of  the  air  on  the  outside.  The  electric  current 
ried  from  about  100  microamperes  to  half  a  microampere.  The 
»wnward  current  was  found  to  increase  the  rate  of  tninning^  of 
e  film  and  the  upward  current  to  retard  it. — PhiL  Mag,^  Feb. 
85,  pp.  94-100.  J.  T. 

8.  On  the  Conduction  of  Electricity  in  rare^d  air. — It  has 
•en  maintained  by  Edlund  in  various  papers  that  what  is  called 
vacuum  conducts  electricity  and  that  this  conductivity  increases 
ith  the  degree  of  rarefaction.  In  the  present  paper  he  reiterates 
s  reasons  for  believing  that  a  discharge  between  platinum  ter- 
inals  in  a  Geissler  tube  could  be  obtained  at  a  certain  point  of 
e  exhaustion,  if  the  effect  of  the  electrodes  in  opposing  the  pas- 
ge  of  the  electricity  into  the  gas  could  be  overcome.  He  brings 
rward  as  evidence  certain  experiments  in  which  a  discharge  is 
stained  through  the  glass  sides  of  tubes  containing  rarefied  air, 
rough  which  no  discharge  could  be  obtained  if  platinum  dec- 
odes were  used.     Phil.  Juag.^  Feb.  1886,  pp.  125-131.       j.  t. 

9.  Mecunrement  of  dotation  of  plane  of  polarization  of  liquids 
a  magnetic  field. — It  has  been  suggested  by  various  observers 

lat  the  rotation  of  the  plane  of  polarization  of  certain  liquids 
aced  in  a  magnetic  field  could  be  used  as  a  measure  of  very 
rong  currents.  Leo  Arons  has  redetermined  Verdet's  constant 
r  this  purpose,  and  believes  that  his  result  for  distilled  water  at 
f  C.  and  the  wave-length  of  the  sodium  line,  namely, 

ttj=0-3767.10"*  cm"*  g~*  sec 

within  0*6  per  cent. — Ann.  der  Physik  und  Chemie^  No.  2, 
J86,  pp.  161-182.  J.  T. 

10.  On  some  Physical  Properties  of  Ice. — Mb.  Coutts  Trottbb, 
Uow  of  Trinity  College,  Cambridge,  has  instituted  some  experi- 
ents  on  ice  in  an  artificial  grotto  m  a  glacier  near  Grindelwald, 

order  to  see,  '*  if  evidence  of  shearing  under  the  influence  of 
rces  comparable  to  those  which  Canon  Moseley  admits  to  be 
pable  of  being  produced  by  the  action  of  gravity  in  a  moving 
acier  could  be  obtained.*'  "Bars  of  ice  were  passed  through  holes 
three  parallel  blocks  of  wood,  nearly  in  contact  with  each  other. 
le  two  outer  blocks  were  hung  to  a  frame,  and  a  weight  was  sus- 
ioded  from  the  middle  one.  After  the  ice  had  hung  for  a  few 
lYS,  the  apparatus  was  taken  to  pieces  and  the  shear  measured.  In 
Dsal  experiment  a  shear  of  about  '075  cm.  was  observed  after  the 
tton  for  about  seventeen  days  of  a  shearing  force  of  rather  more 
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than  200  grm.  per  square  centimeter.  Mr.  Trotter  is  led  1 
port  the  conclusions  of  Forbes,  that  glacier  motion  is  thi 
slightly  viscous  mass  partly  sliding  upon  its  bed,  partly  si 
upon  itself  under  the  influence  of  gravity.  Regelation  als< 
a  part  in  the  gradual  passage  of  snow  into  ice  and  in  the  1 
of  crevasses. — Royal  Soc,^  Jan.  29;  Nature^  Feb.  5,  1885, 

11.  Photographing  the  Solar  Corona. — Mr.  C.   Ray  \ 
who  was  sent  to  Switzerland   to  photograph  the  solar 
according  to  the  method  devised  by  Dr.  Huggins,  sums  up 
ObaervcUorg  the  results  thus  far  obtained,  as  follows : 

(1)  As  would  be  expected,  the  results  are  better  than  ha< 
obtained  in  England,  in  spite  of  the  red  haze  which  has 
always  present  round  the  sun,  and  which  visitors  to  Switz< 
have  commented  on  in  several  of  the  scientific  journals  rect 

(2)  Results  on  the  same  day  are  almost,  if  not  quite  alike 
toith  disk  and  without, 

'3)  The  corona  varies  more  or  less  from  day  to  day. 
\i)  The  clearer  the  sky  the  better  the  results. 
(6)  The  series  extends  over  a  period  of  two  months, 
month's  results  being  free  from  effects  that  require  eliminati 

12.  Magneto-  and  Dynamo- Electric  Machines^  with  a  d< 
tion  of  Electric  Accumulators,  from  the  German  of  Glaser-Di 
by  F.  Krohn,  and  specially  edited  with  many  additions  by  1 
HiGGS,  LL.D.,  etc.  301  pp.  8vo.  London  (Symons  &  Go. 
Specialists'  Series,  vol.  i).  This  work  is  essentially  a  rep 
tion  of  the  excellent  little  volume  which  formed  No.  1  ( 
Elektro-technische  Bibliothek,  published  in  Vienna  som» 
years  since  and  at  that  time  noticed  in  this  Journal.  The 
lisli  editor  has  increased  the  value  and  scope  of  the  volui 
adding  a  number  of  chapters  relating  to  the  details  in  th 
struction  and  use  of  the  machines.  The  subject  at  hand 
vast  in  its  present  development  to  allow  of  being  ti 
thoroughly  in  a  boq^  of  this  size,  but  the  reader  will  find  i 
volume  a  good  selection  of  matter  and  will  profit  from  its  pc 

II.   Geology  and  Mineralogy. 

1.  Professor  W,  O,  Crosby  on  the  origin  and  relations  (> 
tinents  and  ocean  basins,  (Proc.  Best.  Soc.  Nat.  Hist  for 
1883  ;  but  recently  printed.) — In  this  paper  I^ofessor  Crosb 
cusses  the  contraction  theory  for  the  origin  of  continentt 
oceanic  basins  with  some  good  arguments  against  the  theor 
others  not  so  good,  and  arrives  at  the  conclusion  that  the 
nental  and  oceanic  areas  have  not  always  been  essentiall 
same  in  limits  as  now,  with  relatively  moderate  submerg 
over  the  former  and  emergences  over  the  latter,  but  th 
Atlantic  continent  continued  in  existence  through  Pale 
times,  providing  Paleozoic  sediments  for  North  America 
producing,  in  its  sinking,  pressure  against  the  continent,  i 
resulted  m  causing  Appa\ac\i\«LW  ioV^\w^^  ^\!id  uplift. 
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The  writer's  views  are  discussed  in  the  paper  Ihoup^h  some- 
mes  put  in  a  form  that  is  hardly  recognizable.  Professor 
rosby,  on  the  page  before  the  last,  says  that  Professor  Dana, 
ilieving  that  the  Atlantic  existed  with  nearly  its  present  out- 
168  during  Paleozoic  time,  and  that  the  foldings  of  the  Appa- 
chian  rocks  were  made  by  subsidence  over  the  Atlantic  area, 
lus  '^admits  that  the  Appalachian  sediments  were  separated  from 
e  Atlantic  by  at  least  one  hundred  and  possibly  several  hundred 
iles  of  dry  land  ;"  "  in  other  words,  Professor  Dana  tells  us  that 
le  sediments  deposited  in  one  ocean  were  plicated  by  the  subsi- 
jnce  of  the  floor  of  another  and  entirely  distinct  ocean." 
In  reply  to  this  remark  I  observe  that  the  Appalachian  area  of 
ibsidence  through  Paleozoic  time — which  ranged  parallel  with 
dges  of  Archaean  rocks  and  with  the  Atlantic  border,  was  not 
one  ocean ;"  it  was  generally  (according  to  evidence  from  the 
rata)  a  shallow  part  of  the  continental  border,  receiving  its 
^positions  in  shallow  waters.  The  Appalachian  trough,  or  geo- 
rnclinal  was,  it  is  true,  distant  a  hundred  miles  or  more  from 
le  ocean's  border ;  but  I  have  suggested  that  it  was  probably 
*parated  by  a  low  geanticlinal — emerged  or  slightly  submerged  ; 
lat  the  general  contraction  in  the  earth's  crust,  and  especially 
'  that  part  beneath  the  oceanic  area,  produced  along  the  ocean's 
>rder,  the  geanticlinal  as  well  as  the  geosynclinal,  the  two 
nng  concomitants  in  a  system  of  flexures.  I  do  not,  therefore, 
te  the  appositeness  of  Professor  Crosby's  comparison  which  he 
ids  in  closing  his  paragraph  :  "  This  is  very  much  the  same  as 
lying  that  the  sediments  now  accumulating  in  the  Gulf  of 
[exico  will  some  day  be  compressed  and  folded  by  the  subsi- 
3nce  of  the  "bottom  of  the  Pacific,  Central  America  and  Mexico 
imaining  undisturbed  as  at  present." 

It  is  unnecessary  to  touch  on  other  points  of  disagreement  in 
le  memoir.  Moreover,  I  am  led  by  the  conflcting  views  of  the 
?8t  authorities  with  regard  to  the  condition  of  the  earth's 
tenor  to  hold  very  loosely  to  any  theory  of  mountain  m<aking. 
Tq  wait  for  the  physicists  who  believe  in  a  solid  earth  to  give  us 
theory  which  will  have  in  view  all  geological  facts.  At  present 
e  get  from  them  little  more  than  an  acknowledgment  that  no 
leory  is  yet  in  sight,  or  a  disposal  of  the  subject  by  passing  it 
rer  to  the  '*  geologist,"  instead  of  recognizing  that  the  facts, 
though  geological,  are  physical  and  merit  attention  from  phy- 
cists  as  much  as  the  tides  and  more  purely  mathematical  consid- 
ations. 

The  idea  that  the  continents  and  ocean-basins  have  been  in 
mtinued  progress  as  such  through  the  geological  ages  I  regard 
t  established  upon  as  good  evidence  nearly  as  the  fact  that  an 
limal  is  a  result  of  slow  development  from  a  germ ;  and  this 
ridence  is  similar  in  general  nature,  it  consisting  in  direct  knowl- 
Ige  of  the  successive  conditions  or  steps  of  progress  in  the 
ivelopment.  The  facts  from  America  are,  as  I  have  shown,  the 
Ota  that  make  up  the  historical  geology  of  the  continent. 
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The  ArohsBan  dry  lands  are  now  believed  to  have  had  a  wide 
distribution  over  eastern,  northern  and  western  America,  as  I 
point  out  in  the  more  recent  edition  of  my  Manual  (even  New 
England  having  Archaean  areas  in  both  its  eastern  and  western 
portions),  and  the  regions  within  reach  of  abrading  and  degrad- 
ing agencies  were  therefore  of  sufficient  extent  for  the  needed 
Paleozoic  sediment-making.  The  sediments  can,  in  many  cases, 
be  proved  to  have  come  from  regions  not  far  distant ;  the  succes- 
sion of  mud-made  rocks  and  those  of  beach  or  sand-flat  origin,  to 
have  the  relative  positions  of  the  beaches,  sand  flats  and  off- 
shore deposits  of  a  growing  continent;  and  one  example  of  this 
I  shall  present  in  the  following  number  of  this  Journal.  More- 
over, facts  with  regard  to  marine  currents  and  wave-action, 
oceanic  and  sea-shore  depositions,  show  that  another  continent  in 
the  Atlantic  could  have  given  no  help  had  it  existed.       j.  d.  d. 

2.  77ie  Geology  of  Bermuda, — Professor  Wm.  N.  Rice,  of 
Middletown,  Ct.,  has  a  valuable  paper  on  this  subject  in  Bulletin 
No.  25,  U.  S.  National  Museum,  Washington,  bearing  date  1884, 
but  issued  the  present  year.  It  is  accompanied  by  a  map  and 
other  illustrations.  Professor  Hice  after  a  special  examination  of 
the  coral  formations  of  the  island  agrees  with  Wyville  Thomson 
in  the  conclusion  that  none  of  the  rock  above  a  level  of  fifteen 
feet  is  true  under-water  coral  reef  rock;  it  is  either  of  beach  or 
wind-drift  origin,  although  in  some  parts  250  feet  in  height. 
Three  changes  of  level  appear  to  have  occurred ;  that  in  which 
the  original  island  subsided  and  the  atoll  was  made ;  the  second 
an  uplift  above  the  present  level ;  the  third  a  subsidence  which 
led  to  extensive  marine  erosion  of  the  wind-drift  rock  and  the 
formation  of  the  shore  ] platform  and  cliffs.  The  aupposed  evi- 
dence of  recent  sinking  is  reviewed  and  the  conclusion  reached 
that  none  has  taken  place  at  least  since  1609 — the  time  of  the 
shipwreck  of  Sir  Thomas  Gates  and  Sir  George  Somers.  Dar- 
win's theory  of  the  origin  of  atolls  appears  to  be  sustained  by 
the  fact  that  at  a  distance  of  ten  miles  from  the  Bermudas  in  all 
directions,  excepting  the  southwest,  the  depth  is  from  1500  to 
2250  fathoms. 

3.  6\  7>.  Walcott  on  the  Deer  Creek  Coalfield  in  ArhoncL 
(Senate  Doc,  No.  20,  48th  Congress,  2d  Session). — Deer  Creek 
valley  is  about  13  miles  south  of  the  San  Carlos  agency,  between 
two  spurs  of  the  foot-hills  sloping  down  from  Mount  Trumbull  to 
the  Gila.  Mr.  Walcott  states  that  in  a  section  across  the  upper 
end  of  the  coal  field  there  is  rhyolyte  to  the  north  and  andesyte 
to  the  south.  The  northern  boundary  of  the  valley  consists  of  a 
belt  of  Carboniferous  limestone  1200  feet  thick;  south  of  this 
occur  Cretaceous  sandstone,  clays  and  coal  seams,  nearly  3700 
feet  in  thickness,  apparently  conformable  to  the  underlying  Ca^ 
boniferous.  There  is  also  a  band  of  Devonian  limestone.  The 
rhyolyte  and  andesite  outflows  were  subsequent  to  the  erosion  of 
the  valley. 

The  coal  beds  are  in  sandstone  referred  to  the  Cretaceous ;  two 
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eds  have  each  a  thickDess  of  about  ten  inches  clear  coal.  The 
oal  is  bitaminous,  one  analysis  by  Mr.  Whitfield  obtaining  fixed 
arbon  60*85,  volatile  combustible  matters  17'50,  moisture  0*56, 
sh  21-09=100. 
The  fossils  of  the  Carboniferous  limestone  determined  by  Mr. 
V'alcott  include  Fusulina  cylindrical  Productus  semireticulatus^ 
^irifera  camercUa  and  other  species.  The  coal  shales,  according 
a  Mr.  Lester  O.  Ward,  contain  remains  of  Sequoia,  SahcUy 
^/trugmiteSy  Myrica,  Viburnum^  and  other  kinds. 

4.  Crinoids  with  Articulating  Spines, — Dr.  G.  J.  Hinde,  in  the 
Innals  and  Magazine  of  Natural  History  for  March,  describes 
»nd  figures  fine  specimens  of  a  Crinoid  from  Arkona,  Province 
)ntario,  Canada,  having  articulating  spines.  He  refers  to  a 
>aper  by  Professor  H.  S.  Williams  in  the  Proceedings  of  the 
\merican  Philosophical  Society  for  1883,  on  a  species  of  the 
dnd — the  first  discovered — which  this  author  referred  to  the 
jew  genus  Arthroacantha.  As  this  name  essentially  had  been 
ised  in  1864  by  Schmarda  for  a  genus  of  Rotatoria,  Dr.  Hinde 
mbstitutes  Hystricrinus^  and  names  his  species  M,  Carpenteri, 
ifler  Dr.  P.  Herbert  Carpenter. 

The  remarkable  fact  is  mentioned  (and  figured)  that  three  of 
the  eleven  specimens  obtained  have  a  shell  of  the  genus  Platy- 
ceras  Conrad,  covering  almost  entirely  the  vault  of  the  Crinoid, 
and  with  the  same  position  in  all ;  in  one  the  shell  is  P.  erectum 
Hall,  in  the  others,  a  small  variety  of  P.  dumosum  Conrad. 

5.  Creation  of  Continents  by  the  Ocean  Currents  ;  by  J.  Stan- 
ley Grimbs.  116  pp.  l2mo.  Philadelphia,  1885  (J.  fe.  Lippin- 
cott  k  Co.). — The  author  aims  to  show  that  the  three  pairs  of 
ocean-basins — those  of  the  North  and  South  Atlantic,  Pacific  and 
Indian  ocean — were  produced  through  the  weight  of  the  sediment 
K)llected  over  the  ocean's  floor  by  three  pairs  of  elliptical  cur- 
rents; that  the  sinking  of  the  basins  drove  under  the  inter- 
>ceanic  crust  the  fluid  or  plastic  rock  beneath,  and  so  made  the  three 
)air8  of  continents;  that  the  elliptical  oceanic  currents  flowed 
ibout  an  east  and  west  major  axis  between  Xhe  equator  and  the 
t5th  parallel,  and  that  the  southern  ellipses  were  about  50**  in 
ongitude  east  of  the  northern. 

6.  Note  on  the  Sandsto^ies  of  Taquamenon  Bay^  Lake  Superior; 
>y  N.  H,  WiNCHELL. — The  editorial  note  of  this  Journal,  to 
vhich  Professor  Irving  takes  exception  in  the  March  number, 
)age  258,  was  so  worded  in  its  relation  to  the  subject  under  con- 
ideration  as  to  allow  an  erroneous  inference  as  to  the  opinion  of 
he  writer  respecting  the  age  of  the  sandstones  of  Taquamenon 
Jay.  This  inference  having  been  taken  by  Professor  Irving  he 
las  taken  considerable  trouble  to  show  that  I  am  wrong  in  hold- 
ng  such  a  (presumed)  opinion.  Professor  Dana  quotes  correctly 
rem  my  tenth  annual  report  (page  ia3),  and  if  Professor  Irving 
lad  consulted  the  same  page  he  could  have  seen  that  the  italic 
*ty*"  which  introduces  Professor  Dana's  quotation  throws  almost 
be  f6rce  of  a  negative  against  the  inference  which  he  assumes  as 


840  Scientific  Intelligence. 

legitimate ;  and  that  really  the  armament  of  the  whole  paragr 
from  which  the  quotation  is  made  is  intended  to  show  such  a  i 
ative.  The  word  **  conspicuous  '*  in  that  paragraph  is  a  misp 
for  calciferous,  as  noted  in  the  errata. 

Minneapolis,  March  4,  1886. 

7.  Grand  Atlas  of  the  Second  Geological  Survey  of  Penn 
vania;  J.  P.  Lesley,  State  Geologist,  Division  I.  County  G 
logical  Maps,  Part  I.  50  sheets  imperial  folio.  Harrisbu 
1886. — A  grand  atlas  in  fact  is  this  first  part  of  the  atlas  of 
Pennsylvania  Survey.  The  best  style  of  map-making  and  m 
coloring  have  been  employed  in  illustration  of  the  results  of 
cellent  detailed  geological  work.  This  Part  I  contains  raapj 
fifly-six  counties  on  forty-nine  sheets.  As  this  Journal  has  ms 
times  stated,  the  survey  has  gone  forward  with  remarkable 
ergy  and  thoroughness  under  its  efficient  and  experienced  hej 
and,  owing  to  the  varied  resources  of  the  State,  has  become  m 
valuable  as  regards  its  economical  results  than  that  of  any  oil 
State  in  the  Union.  It  has  also  contributed  largely  to  paleoni 
ogy  especially  through  its  volumes  on  coal  plants,  and  thro 
light  on  many  of  the  problems  in  American  stratigraphical  : 
dynamical  geology.  The  anthracite  survey  is  making  good  p 
gress,  and  also  the  unfinished  geological  surveys  of  a  few  of 
counties.  The  final  report  is  in  course  of  preparation  by  Pro; 
sor  Lesley  and,  when  finished,  will  make  the  survey  of  larg 
increased  value  to  the  State  through  the  systematic  presenlat 
of  the  facts  and  results  now  distributed  with  great  detail  in 
several  county  reports.  Pennsylvania  surpasses  all  other  St3 
in  its  mineral  wealth,  and  can  therefore  well  afford  to  have  | 
pared  and  published  the  most  extensive  of  all  geological  i 
mineral  State  reports. 

8.  Map  of  the  Domhiion  of  Canada  geologically  colo 
from  surveys  made  by  the  geological  corps,  1842  to  1882.  Q 
logical  and  Natural  History  Survey  of  Canada,  A.  R.  C.  Selw 
Director. — This  fine  map  measures  six  feet  across,  and  ii 
valuable  contribution  to  American. geological  science.  The  sur' 
has  accomplished  a  great  work  in  gathering  the  materials  foi 
detailed  a  map. 

9.  New  Minerals  from  Colorado :  Zunyite,  GuiTERMXNm 
Dr.  W.  F.  IIiLLEBRAND  has  recently  described  two  new  minei 
from  the  Zufii  mine  on  Anvil  Mountain,  near  Silverton,  San  Ji 
Co..  Colorado.  Zunvile  occurs  in  very  minute  tetrahedral  ci 
tals  showing  the  faces  of  both  the  plus  and  minus  tetrahearc 
parallel  to  which  there  is  easy  cleavage,  and  frequently  also  th 
of  the  cube  and  perhaps  the  dodecahedron.  The  crystals 
transparent,  except  for  frequent  black  inclusions  of  titanic  oxi 
and  have  a  glassy  luster;  the  hardness  is  7  and  the  spec 
gravity  of  the  pure  mineral  2-875.  The  mean  of  a  numbei 
partial  analyses  made  upon  material  selected  with  all  possi 
care  is 
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0,  Pe,0,     A1,0,      KaO     Na,0    LiaO    H,0      PaO»       F        CI 

*33       0-20       57*88       010       0*24      tr.       10*89       0*60      6*61     2'91=:102'76 

less  0  for  F  and  01  3*02=99*74 

I  calculating  the  formula  the  Fe,0,  and  P,0,  are  neglected  as 
ae  to  impurity,  and  .the  water  is  assumed  to  be  basic  since  it 
^es  not  go  off  at  270°  C.       The  atomic  ratio  for  Si :  (AIJ  : 

1,  K,  Na)  :  (O,  F„  Cl,)=0-4056  :  0*6674  :  1-2208  :  3-1232  or  nearly 
:  8  :  18  :  45,  corresponding  to  dR,0, 8Al,0^  6SiO,  with  part  of  the 
xygen  replaced  by  fluorine, and  chlorine.  The  composition  can- 
Dt  oe  considered  as  definitely  established  as  yet,  and  the  very 
ecaliar  interest  of  the  mineral  makes  it  deserve  further  examina- 
ion.  The  zunyite  forms  the  gangue  of  an  uncrystallized  sulphide 
f  lead  and  arsenic  to  which  the  name  Guitermanite,  after  Mr. 
i'ranklin  Guiterman,  has  been  given.  When  fresh  it  is  of  a 
ilaish-gray  color,  possesses  a  slight  metallic  luster,  a  hardness 
f' about  3  and  a  specific  gravity  of  5*94.  Analyses  on  two 
K)rtion6  afforded: — 

S  As  Pb         Ou        Ag        Fe      Zunyite 

1.  J  19*67       13*40       63*60       0*17       002       043        1*77  =9906 

2.  I  19*66       1300       61*63       017       0  02       0*88        3*82        0  0*56=99*63 

Deducting  a  little  lead  sulphate,  free  sulphur  and  pyrite  there 
«main  S  17-68,  As  13-00,  Pb  59-85,  Cu  017=90-70,  which  leads 
4)  the  provisional  formula  3  As  S„  lOPbS. 

Another  article  by  Dr.  Hillebrand  describes  the  occurrence  and 
rives  analyses  of  several  interesting  minerals  from  the  American 
fetgle  Mine,  Tintic  District,  Utah,  viz:  oliveniie  in  crystals,  also 
incompact  fibrous  form;  conichalcite  in  emerald-green  globular 
forms  with  radiated  structure ;  chenevixite  in  olive-green  to  green- 
ish-yellow compact  masses  imbedded  in  the  ore;  also  jarosite  and 
a  hydrous  calcium  arsenate  in  fine  silky  white  needles.  He  also 
describes  bindheimite  from  Secret  Canon,  Nevada ;  zmckenite 
from  the  Brobdignag  Mine,  Red  Mountain,  San  Juan  County, 
Colorado  ;  melonite  from  Boulder  County,  Colorado. 

10.  On  Colema?iite,  the  new  borate  of  lime, — In  the  December 
Dumber  of  this  Journal,  a  preliminary  notice  was  given  by  Profes- 
sor A  Wendell  Jackson  of  the  crystalline  form  of  the  new  borate 
of  lime  from  Southern  California,  called  Colemanite  by  Mr.  J.  T. 
Evans.  Professor  Jackson  has  now  published  an  exhaustive 
monograph  on  the  same  subject  in  Bulletin  No.  2  of  the  Cali- 
fornia Academy  of  Sciences,  before  which  body  his  paper  was  read 
Oct.  6,  1884.  His  results  show  colemanite  to  be  one  of  the  most 
remarkable  of  minerals  both  in  the  beauty  and  perfection  of  the 
crystals,  and  the  complexity  of  their  forms.  The  crystals  are 
a[enerally  clear  and  colorless  with  brilliant  faces  and  vary  for 
the  most  part  from  5  or  6  mm.  to  30  mm.  in  thickness.  In 
some  cases  they  line  the  cavities  of  large  geodes  in  the  massive 
mineral,  forming  most  beautiful  mineralogical  specimens.  Profes- 
sor Jackson  accepts  the  same  axial  ratio  in  his  monograph  as  was 
given  in  the  notice  referred  to,  viz: 

d:i:c=z  0-774843  ;  1  :  0540998  :  /?=69^  50'  45^ 
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He  gives  also  a  list  of  nearly  forty  planes  which  he  has  identified 
upon  the  crystals  under  examination.     The  crystals  have  a  p€^ 
feet  cleavage  parallel  to  the  clinopinacoid  and  the  habit  variei 
from  medium  to  short  columnar,  the  unit  prism  ordinarily  prsi 
dominating;  a  strikino:  feature  is  their  resemblance  in  form  to 
crystals  of  datolite.     Professor  Jackson's  paper  contains  a  long 
list  of  measured  and  calculated  angles,  the  close  agreement  of 
which  is  an  evidence  of  the  perfection  of  the  crystals.     There  are 
also  four  plates  with  a  large  number  of  figures,  and  a  linear  pro- 
jection,    it  is  not  often  that  a  new  mineral  species  admits  of  so 
thorough  a  crystallographic  examination.     Prof.  Jackson  8tat€i 
that  the  locality  from  which  the  crystals  examined  came  wai 
Calico  District,  San  Bernardino  Co.,  California  (not  Death  Valley, 
where,  however,  the  mineral  also  occurs). 

The  chemical  analyses  bv  Mr.  J.  T.  Evans  have  led  to  the 
formula  2CaO,  3B,0,-f  5H,0  or  Ca,B,0„-f  5H,0 ;  it  is  very  near 
both  priceite  and  pandermite  (See  Syst.  Min.,  App.  II,  III),  from 
the  latter  it  differs  in  containing  two  molecules  more  water. 

The  same  mineral  has  been  studied  by  several  other  mineralo- 
gists, and  their  results  confirm  those  of  Professor  Jackson,  though 
made  on  a  8n)allcr  selection  of  material ;  see  vom  Rath  and 
B'odewig  in  the  Verhnndl.  Nat.  Verein  d.  preuss.  Rheinl.  a. 
Westf.,  pp.  333  to  342,  and  Hiortdahl,  Zeitsch.  ftlr  Kryst.,  x,  26. 
An  analysis  by  Bodewig  led  to  the  same  result  as  that  giyen 
above ;  that  of  Hiortdahl  varied  somewhat,  probably  from  want 
of  purity  in  the  material.  Hioildahl  shows  that  the  optic  axes 
are  in  a  plane  normal  to  the  clinopinacoid,  the  acute  bisectrix  lies 
in  the  obtuse  axial  angle  and  is  inclined  26**  25'  (for  Na)  to  the 
edore  of  the  base  and  clinopinacoid  ;  the  interior  angle  of  the  optic 
axes  2Va=55°  21',  and  the  index  of  refraction  /^=1'58'76. 

11.  Oil  Koninckite^  a  new  hydrated  phosphate  of  iron,— }L 
Cesaro  has  recently  described  a  new  iron  phosphate  from  Vis^ 
Belgium,  which  he  has  named  after  Professor  De  Koninckof 
Li^ge.  It  occurs  in  small  globular  forms  consisting  of  radiating 
needles,  transparent  and  nearly  colorless.  Examined  carefully 
these  needles  prove  to  have  a  single  perfect  cleavage  and  to 
belong  to  the  monoclinic  system.  Its  hardness  is  3*5,  and  specific 
gravity  2'3.  It  fuses  easily  to  a  black  bead.  An  analysis  yielded 
the  following  results: 

PaOft  FeaO,  AlaO,  HjO 

(J)  34-8  33-9  [4-6]  26-8=100 

For  this  the  formula  Fe^O,,  P,0^4- 6H,0  is  calculated.  Koninckite 
occurs  associated  with  richellite,  a  hydrous  fiuo-phosphate  of  iron 
recently  described  by  the  same  author  (see  this  «lournal,  xxvi, 
411). — Meyn.  Soc,  U^eol,  Belgiqiiey  xi,  247. 

12.  Analysis  of  Titanic  Iron  Sand  from  Brazil  '  by  J.  B. 
Mackintosh.  (Communicated). — The  mineral  analyzed  was  given 
by  Mr.  John  Gordon,  Jr.,  of  Rio  Janeiro  to  Professor  Egleston,at 
whose  suggestion  the  present  examination  was  made.     It  occurs 
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river  or  beach  sands,  in  small  rounded  grains,  associated  with 
onazite,  garnet,  tourmaline,  quartz  and  mica.  It  does  not  dis- 
>lye  sufficiently  in  hydrochloric  acid  to  give  the  titanium  reac- 
OD  with  tin.     its  specific  gravity  is  4*2.     An  analysis  afforded: 

TiO,   69-20 

Fe,Oi 3211 

FeO 4-9 

M^ 1-73 

SiO, 1-16 

99-09 

Omitting  the  silica  which  i8  present  as  a  mechanical  admixture, 
lese  figures  lead  to  the  provisional  formula  3(Fe  0„  3TiOJ 
•2(FeO,  TiO,).  The  oxygen  ratio  between  protoxides,  sesqui- 
cides  and  titanic  acid  =  1 :  4*5  :  11,  or  for  all  tne  bases  to  titanic 
lid  =  1  :  2.  About  85  per  cent  then  of  the  mineral  is  composed 
the  normal  titanate  oi'  sesquioxide  of  iron,  the  other  15  per  cent 
iog  normal  titanate  of  the  protoxide,  which  separates  it  widely 
)m  ordinary  menaccanite. 

13.  Mijieralogical  Notes ;  by  Edo  Claassen. — Mr.  Claassen 
ites  that  he  has  found  '08  per  cent  vanadic  oxide  and  a  trace 

chromium  oxide  in  the  magnetite  of  Newboro,  Canada ;  also 
t8  per  cent  vanadic  oxide,  '006  per  cent  chromium  oxide  and 
17  per  cent  titanic  oxide  in  the  magnetite  sand  found  on  the 
>re  of  Lake  Erie. 

14.  Minerals  from  MiddletowHy  Conn, — In  the  note  No.  9  on 
^e  263,  the  closing  lines  of  the  first  paragraph,  relating  to 
ussite  and  pyromorphite,  should  be  erased. 

in.  Botany  and  Zoology. 

I.  Origin  of  the  Fauna  and  Flora  of  New  Zealand, — Captain 
W.  HuTTON,  of  New  Zealand,  in  articles  published  in  the 
nals  and  Magazine  of  Natural  History,  xiii,  425  (1884),  and 
,  78  (1885),  presents  his  views  on  the  origin  of  the  New  Zea- 
d  fauna  and  flora.  The  earlier  paper  reaches  the  conclusion 
kt,  in  the  Lower  Cretaceous,  New  Zealand  formed  part  of  a  large 
ith>Pacific  continent  extending  from  New  Guinea  to  Chili,  and 
received  species  of  plants  and  animals  from  Australia,  Poly- 
lia  and  South  America ;  and  also  that  in  the  Eocene  another 
asion  of  species  from  the  same  sources  took  place ;  but  New 
iland  in  each  remained  an  island,  much  larger  than  at  present, 
the  later  paper  he  considers  the  facts  with  reference  to  in  va- 
ns of  Antarctic  and  North-temperate  species  during  the  Pli- 
>ne.  The  following  facts  and  views  are  from  this  paper, 
^ew  Zealand  has,  to  the  eastward^  Chatham  Isles  (one  volcanic 
ik  of  which  is  600  feet  high)  400  miles  off",  and  the  Antipodes 
inds  (700  feet  in  greatest  height)  450  miles  off;  to  the  soKth- 
fdy  the  Aucklands  (2000  feet  high)  240  miles  off,  Campbell 
md  ^1600  feet  high)  420  miles  off;  &nd  Macquarie  Island,  600 
es  distant  from  New  Zealand. 
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As  large  a  number  of  New  Zealand  living  crustaceans  exist  i; 
South  America  as  in  Australia,  half  as  many  antarctic  flowerioi 
plants,  the  grasses  excluded,  and  one-third  as  many  of  the  mssei 
Five  of  the  New  Zealand  fresh-water  fishes  exist  also  m  Ana 
tralia  and  two  in  South  America.  Hence  the  conclusion  thati 
former  land-connection  existed  between  these  countries,  as  had 
been  suggested  by  Sir  J.  Hooker,  Mr.  H.  N.  Moseley,  and  Mr. 
Wallace. 

Tasmania  and  New  Zealand,  600  to  900  miles  apart,  have  lOS 
species  of  flowering  plants  (6*75  per  cent)  in  common,  bat  only 
two  fresh-water  fishes,  and  no  fresh-water  or  land  shells  with 
one  doubtful  exception. 

The  elevation  in  the  antarctic  regions  supposed  to  be  thus  indi- 
cated is  referred  to  the  Pliocene.  With  regard  to  the  extent  of 
New  Zealand  at  the  time  the  author  observes  that  all  the  out- 
lying islands  are  included  within  this  land  area  by  M.  Blanchard; 
only  Chatham  Island,  by  M.  A.  Milne-Edwards;  and  probablj 
all  the  area  eastward  to  Chatham  and  south  to  Macquarie,  bj 
Wallace.  At  Chatham  Islands  the  New  Zealand  species  inclode 
4  out  of  21  land  birds,  and  one  of  them,  the  sold  cuckoo,  is  migra- 
tory to  New  Zealand  and  Australia ;  (on  Fitt's  Island)  one  lit 
ard  {Mocoa  ZelandicaV  a  slug  {Janella  biterUaculata)^  a  land 
shell  ( TJialassia  Neozelanica),  There  is  one  flightless  rail  {Caha- 
lus  modesties)  on  Pitt's  Island,  allied  to  OcydromuB^  but  nothing 
of  Apteryx^  Stringops  or  Ocydromus, 

At  the  Aucklands  are  found  a  number  of  New  Zealand  land 
birds,  three  species  of  land  shells  and  the  slug  JaneUa  bitenta- 
culata.  Of  the  flowering  plants  of  Auckland,  Campbell  and 
Macquarie  Islands  about  75  per  cent  occur  on  New  Zealand.  A 
connection  of  all  these  southern  islands  with  New  Zealand  is 
hence  probable.  And  as  these  islands  contain  antarctic  species 
not  occumng  in  New  Zealand  it  is  reasonable  to  conclude  that 
the  species  reached  New  Zealand  from  the  southward.  Wallace 
makes  the  route  for  the  Fuegian  plants  to  have  been  throujjh  the 
South  Shetlands  from  the  Antarctic  continent ;  and  Sir  J.  Hooker 
makes  Fuegia  to  be  related  more  or  less  evidently  in  its  plants 
with  all  the  Antarctic  islands,  excepting  those  in  the  vicinity  of 
New  Zealand. 

At  the  Kermadec  Islands,  460  miles  north  of  New  Zealand,  U 
per  cent  of  the  plants  are  endemic  species ;  and  the  isolation  of 
the  group  may  therefore  date  from  the  same  time. 

Chatham  Isles,  the  Aucklands  and  Campbell  Inland  are  related 
in  their  rocks  to  New  Zealand,  which  are  mainly  non-volcanic 
All  the  other  antarctic  islands  are  volcanic  excepting  Soutfc 
Georgia  which  has  a  mountain  range  of  slate. 

The  author  regards  it  as  probable  that  an  antarctic  continen 
south  of  Africa,  including  Tristan  d'Acunha  and  Kerguelei 
Island,  existed  from  the  Eocene  to  the  Pliocene,  but  that  a  pai 
tial  submergence  separating  off  New  Zealand  occurred  betwee 
the  Eocene  and  Pliocene ;  and  that  Graham's  Land,  Enderby 
Land  and  Victoria  Land  ate  liom^i  oC  vA\^  rem^nants  of  this  land. 
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uccession  of  geographical  changes  was  then  as  follows, 
the  close  of  the  Jurassic — as  Jurassic  and  Triassic  rocks, 
ind  coal  beds  show — New  Zealand  was  the  southern  por- 
i  continental  land  extending  through  Australia  to  India, 
o-oceanic  continent  of  Mr.  H.  F.  Blanford.  After  that  a 
on  from  Australia  took  place,  and  in  the  Upper  Creta- 
ew  Zealand  was  smaller  than  now.  But  in  the  Eocene  it 
out  again,  as  above  remarked,  and  plants  and  animals 
reived  from  the  north  and  south ;  and  again  in  the  Plio- 
ipn  immigration  from  the  south  took  place.  Then  fol- 
i  sinking  below  the  present  level,  to  be  elevated  to  its 
level  again  during  the  Quaternary. 

the  more  the  geology  and  palaeontology  of  large  geogra- 
•egions,  like  North  America  or  Europe,  are  studied,  the 
early  we  see  that  subterranean  movements  have  affected 
'gions  simultaneouslv,  or  nearly  simultaneously,  and  that 
1  deviations  from  uniformity  are  comparatively  small.  So 
R  about  that  we  have  in  each  large  geographical  area  a 
f  rock  systems  which  are  nearly  synchronous  over  the 
irea,  although  not  synchronous  with  those  in  other  and 
areas.  I  think  that  our  knowledge  of  the  palaeontology 
ralasia  is  already  sufficient  to  show  that  we  have  here  also 
of  those  large  geographical  areas  which,  when  viewed  on 
scale,  has  been  moved  uniformly ;  and  therefore  that  the 
terns  of  New  Zealand  can  be  correlated  with  those  of 
la,  and  perhaps,  in  the  earlier  periods,  with  those  of  the 
la  of  India." 

m  *  m  %  m 

fauna  and  flora  is  indeed  a  standing  protest  against  the 
»f  those  naturalists  who  would  make  the  winds  scatter 
insects  and  seeds  of  plants  over  hundreds  of  miles,  and 
Agine  land-shells  and  lizards  to  float  about  on  logs  for  days 
.»ks  together  without  being  killed." 

regard  to  the  Glacial  era  of  the  Sotith  Pacific^  Captain 
observes  that  it  was  not  an  era  of  unusual  cold;  that  no 

ever  reached  the  sea-level,  although  extending  far 
their  existing  limits ;  that  there  are  no  true  erratics ;  that 
I  probably  stood  higher  than  now  by  perhaps  3,000  or  4,000 
i  thence  came  the  greater  extension  of  the  ice. 
era  of  the  greater  elevation  of  the  land  and  of  the  large 
)n  of  the  glaciers  was,  according  to  Captain  Button  (and 
:  all  New  Zealand  geologists  "),  earlier  than  that  of  the 
n  Glacial  period,  and  probably  coincident  with  the  Plio- 
ivation.     One  argument  supporting  this  conclusion  is  the 

of  existing  endemic  species  on  the  island.  Again, 
beds,  supposed  to  be  Miocene — the  **  Pareora  system  " — 
ing  20  to  45  per  cent  of  living  species,  are  found  along 
ealand  from  Southland  to  Auckland.      They  indicate   a 

climate  than  the  present.  Another  later  series  is  the 
^anui  system  "  containing  70  to  90  per  cent  of  living  spe- 
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cies,  and  probably  of  newer  Pliocene  age.  The  era  of  elevat 
is  placed  between  tbese  two  of  depression.  A  later  series,  e 
taining  living  species,  and  therefore  Quaternary^  occurs  at  ma 
places  on  both  islands. 

The  question  as  to  glacial  phenomena  in  Australia  has  b( 
decided  adversely  by  Mr.  Tenison  Woods  and  Mr.  Howitt;  I 
probable  glacial  stri»  on  Victoria  are  described  by  Mr.  G. 
Griffiths,  and  farther  north  by  Professor  R.  Tata  Mari 
Pliocene  beds  have  been  reported  as  occurring  in  Victoria  up 
1720  feet  above  the  sea.  , 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  Part  Ily  Vol.  VII  of  the  TVansactions  of  the  Seismologu 
Society  of  Japan, — ^This  volume,  recently  received,  is  mostly  oo( 
pied  by  a  paper  from  Professor  John  Milne,  on  three  handr 
and  eighty-seven  earthquakes  observed  during  two  years  (Oc 
1881,  to  Sept.,  1883)  in  North  Japan.  Besides  a  statement  of  t 
instruments  used  and  the  stations  occupied,  and  a  catalogue 
the  earthquakes,  this  gives  one  hundred  and  twenty-three  ma 
of  the  areas  affected  by  single  earthquakes,  one  general  ro 
shaded  to  represent  the  distribution  of  volcanic  and  seisn 
activity  in  Japan,  and  sixty-six  figures  of  the  tracings  made 
the  various  recording  instruments.  Many  of  these  latter  \ 
extremely  curious  and  interesting,  but  must  be  seen  to  be  appre 
ated.  No  description  can  do  them  justice.  The  earthquakes  % 
tabulated  with  respect  to  their  distribution  in  space  and  time  a 
their  relation  to  other  natural  phenomena.  A  few  results  reach 
may  be  briefly  mentioned.  He  finds  that  eighty-four  per  cent 
the  earthquakes  originated  under  the  ocean  or  on  the  sea  boar 
that  the  winter  intensity  is  nearly  three  and  a  half  times  as  gre 
as  the  summer  intensity ;  that  there  is  a  general  coincidence  I 
tween  the  maximum  of  earthquakes  and  the  minimum  of  temj 
rature  and  that  there  were  1 1  '2  per  cent  more  earthquakes  at  k 
water  than  at  high  water.  Sixteen  earthquakes  occurred  Bimi 
taneously  in  separated  areas,  not  being  felt  in  the  intervenii 
localities.  He  also  finds  that  the  indications  of  exactly  umil 
instruments  may  vary  considerably  at  stations  only  a  few  hi 
dred  feet  apart,  and  hence  concludes  that  the  amplitude  ai 
period  of  the  vibration  constituting  an  earthquake  is  very  large 
dependent  upon  the  character  of  the  soil  and  other  local  circa 
stances.  c.  o.  b. 

2.  Proceedings  of  the  Colorado  Scientific  Society^  vol.  i,  1 
pp.,  with  a  map.  1883-84. — The  Colorado  Scientific  Society,  t 
first  meeting  of  which  w»a8  held  in  January,  1883,  has  now  pi 
lished  volume  I  of  its  Proceedings:  it  contains  a  number 
valuable  articles,  one  of  which  is  noticed  at  length  in  anotl 
place.  The  volume  closes  with  a  list  of  the  important  miner 
of  Colorado.  It  is  announced  that  the  Society  expects  to  m 
one  volume  annually  in  future.     The  officers  for  1886  are  Pn 
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5nt  Dr.  W.  F.  Hillebrand,  Vice-President  Mr.  P.  H.  van  Diest, 
jcrelary  and  Treasurer  Mr.  F.  F.  ('hisolm. 
3.  H^ort  on  the  Waters  of  the  Hudson  River  together  with 
nalysis  of  the  same^  made  to  the  Water  Commissioners  of  the 
lity  of  Albany  ;  by  C.  F.  Chandler,  Ph.D.,  Jan.,  1886. — In  this 
taper  the  amount  of  soluble  matters  in  different  nver  waters  is 
;iTen  as  follows:  in  grains  per  gallon  of  231  cubic  inches  and 
D  parts  per  10,000. 

Per  gallon.         Per  10,000  parts.   Mineral  matter. 
Hudson  River  at  Albany.  4-665- 7 -581         800-1300        4-50-9-80 
Mohawk  River 6-250  10-70  9*00 

Of  the  amount,  1-60  to  6-00  in  10,000  are  organic  and  volatile 
Goatters,  deducting  which  leaves  for  the  mineral  matters  in  the 
Hudson  River  waters  4*60  to  9*80  inch  in  10,000  parts  as  above 
BUted,  and  for  the  mean  amount  7*11.  The  average  volume  of 
the  Hudson  at  Albany  is  given  at  618,111  cubic  feet  per  minute, 
equal  to  an  average  daily  flow  of  6,677,000,000  gallons.  The 
investigation  for  this  report  had  special  reference  to  the  purity  of 
ihe  waters  for  city  supply. 

4.  The  life  of  James  Clerk  MaxweUy  with  selections  from  his 
correspondence  and  occasional  writings;  by  L.  Campbell,  M.A., 
LLD.,  Professor  of  Greek  in  the  University  of  St.  Andrews,  and 
ViTm.  Garnet t,  M.A.  New  edition,  abridged  and  revised,  422  pp. 
l2mo.  London,  1884.  (Macmillan  &  Co.). — This  admirable  biog- 
raphy of  one  of  the  greatest  of  physicists  and  mathematicians 
md  best  of  men  is  an  abridgment  of  the  larger  work  published 
;wo  years  since. 

OBITUARY. 

John  Gwyn  Jeffreys,  the  distinguished  veteran  concholo- 
[ist,  died  suddenly  on  January  24th,  at  his  residence  in  London. 
Ir.  Jeffreys  was  bom  January  18,  1809,  at  Swansea,  Wales. 
lis  earlier  papers  on  conchology  date  back  to  1828,  and  during 
be  past  fifty-six  vears  he  has  been  a  constant  contributor  to  the 
terature  of  his  favorite  branch  of  science.  His  most  extensive 
rork  is  the  "British  Conchology,"  in  five  volumes.  He  took  a 
»ding  part  in  the  earlier  private  dredging  expeditions  around 
tic  British  coast,  many  of  which  were  carried  out  in  his  yacht, 
ie  "  Osprey,"  in  1861  to  1868.  When  the  deep-sea  dredgings 
'ere  nndertaken,  with  the  aid  of  the  English  government,  in  1868 
)  1870,  in  the  "Lightning"  and  "Porcupine,"  off*  the  coasts  of 
rreat  Britain  and  in  the  Mediterranean,  he  took  an  active  part  in 
lose  explorations.  He  also  went  in  the  "  Valorous  "  to  Bafiin's 
iay,  in  1876,  for  the  chance  of  doing  some  arctic  deep-sea 
redging.  In  1871  he  visited  the  United  States  and  Canada  for 
short  time,  and  while  here  made  a  brief  visit  to  the  U.  S.  Fish 
om mission,  then  in  its  first  year  of  existence,  and  took  part  in  a 
jw  short  dredging  trips  in  Vineyard  Sound.  In  1880  he  went  by 
ivitation  on  the  French  dredging  expedition  of  "  Le  Travail- 
ur,"  in  the  Bay  of  Biscay.  For  several  years  past  he  has  been 
igaged  in  publishing  the  conchologioal  results  of  these  various 


848  MisceUan-eo^is  Intelligence. 

expeditions,  and  at  the  time  of  his  death  he  was  still  actively  en- 
gaged upon  the  shells  of  the  Lightnine  and  Porcupine  ezpeditioni 
The  greater  part  of  these  have  already  been  published  oy  him  in 
the  Proceedings  of  the  Zoological  Society,  and  probably  the  work 
on  most  of  the  remaining  groups  of  (j^astropoda  was  well  ad- 
vanced, if  not  completed,  before  his  death. 

To  yiv.  Jeffreys  more  than  to  any  other  conchologist  science  is 
indebted  for  the  careful  comparison  of  the  European  shells,  both 
recent  and  fossil,  of  the  numerous  British  and  continental  collec- 
tions, and  the  consequent  elimination  of  numerous  nominal  species 
and  the  disentanglement  of  their  confused  synonymy.  He  was 
especially  interested  in  the  geographical  and  geological  digtriba- 
tion  of  European  mollusca,  and  contributed  very  largely  to  a 
more  correct  and  extended  knowledge  of  these  subjects. 

Mr.  Jeffreys  had  accumulated  during  a  long  and  active  life  a 
very  valuable  and  extensive  collection  of  European  shells,  includ- 
ing a  great  number  of  types  of  his  own  species,  as  well  as  those 
of  other  writers.  His  entire  collection  was  purchased  by  the 
U.  S.  National  Museum  two  years  ago,  and  a  considerable  part  of 
it  has  already  been  received  there.  It  should  be  a  matter  of 
congratulation  to  American  naturalists  that  this  unique  collection 
will  be  preserved  in  this  country  and  cared  for  in  a  manner  com- 
mensurate with  its  scientific  value.  a.  e.  y. 

Searlkb  Valentine  Wood,  Jr.,  author  of  numerous  valuable 
papers  on  British  Geology — largely  the  Tertiary  and  Quaternary 
— (lied  on  the  14th  of  December  last,  in  his  tifty-fifth  year.  He 
was  the  son  of  the  well-known  paleontologist  of  the  same  name. 

Klementary  Text-book  of  Zooloj<y,  General  Part  and  Special  Part,  Protozoa  to 
Insccta.  By  Dr.  C.  Glaus,  Prof.  Zool.  and  Comp.  Anat.  Univ.  Vienna,  Director 
Zool.  Station  at  Trieste;  translated  and  edited  by  Adam  Sedgwick,  M.A.  Fellow*^ 
and  lecturer  of  Trinity  Collep^,  Cambridge,  with  the  assistance  of  F.  O.  Heathcote, 
B.A..  Trinity  College,  Cambridge.  610  pp.  8vo.  with  491  woodcuts.  Part  2, 
Mollusca  to  Man,  with  70(5  woodcuts.     New  York:  1885.     (Macmillan  &  Co.) 

Sciontitic  papers  and  addresses  by  George  Rollestou,  M.D.,  F.R.S.,  Prof.  Anal 
and  Physiology  Oxford;  arranged  and  edited  by  Wra.  Turner.  LL.D.,  F.R.S., 
Prof.  Anat.  Univ.  Edinburgh,  with  a  biographical  sketch  by  Hklward  B.  Tyler. 
D.C.L.,  F.R.S.,  Keeper  of  the  Museum,  Oxford.  In  two  vols.,  948  pp.  8vo.  wiih 
portrait,  plates  and  woodcuts.     Oxford  (Clarendon  Press).    New  York  (Macmillin 

A  Co.) 

Om  Lydorganer  hos  Fiske.  En  physiologisk  og  comparativ-anatomisk  Unde^ 
Bogelse,  Ved  Wm.  Sorensen,  246  pp.  8vo.  with  4  plates.  Copenhagen,  1884.  (T. 
Thaning  A  Apels.) 

Memoir  upon  the  Formation  of  a  Deaf  Variety  of  the  Human  Race,  by  Alexan- 
der Graham  Boll.  Paper  presented  to  the  National  Acad.  Sci.,  Nov.  13,  1S83, 
86  pp.  4to. 

Gleanings  from  outcrops  of  Silurian  Strata  in  the  Red  River  Valley,  by  J. 
Noyes  Panton,  M.A.,  paper  read  before  tlie  Manitoba  Historical  and  Scientific 
Society,  Winnipeg.  Nov.  27,  1884. 

Catalogue  of  Fossil  Mammalia  in  the  British  Museum.  Part  I,  containing  the 
Orders  Primates,  Chiroptcra,  Insectivora,  Camivora  and  Rodentia;  by  Richard 
Lydekker,  B.  A.,  F.G.S.,  etc.  London.  1885. — The  British  Museum  '*  Catalogues" 
are  largely  descriptive,  and  on  this  account  as  well  as  the  extent  of  the  collectiooi 
have  great  value. 

The  Prehistoric  World  or  Vanished  Races ;  by  E.  A.  Allen,  820  pp.  8to,  with 
plates  and  cuts.    Cincinnati,  1885.     (Central  Publishing  House.) 
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.RT.  XLIV. — Elasticity  of  Ice;  by  John  Trowbridge  and 

Austin  L.  McBae. 

Apparently  the  only  previous  experiments  made  to  deter- 
ine  the  modulus  of  elasticity  of  ice  are  those  of  Benjamin 
Bvan.*  He  went  to  a  pond  where  the  ice  was  about  ten 
ntimeters  thick  and  sawed  one  end  and  two  sides  of  a  beam, 
iving  the  other  end  attached  to  the  main  body  of  ice.  He 
en  loaded  the  free  end  and  obtained  the  absolute  modulus 
:XlO*.  Nothing  is  said  about  the  ice  returning  to  its  first 
isition  when  the  load  was  removed,  nor  of  the  deflection  due  to 
e  weight  of  the  beam  itself.  As  the  weight  of  the  beam  was 
ar  or  five  times  the  heaviest  weight  used,  this  deflection  would 

quite  appreciable.  The  lower  surface  of  the  ice  apparently 
sted  on  the  water  of  the  pond  which  prevented  it  from  deflect- 
g  as  far  as  it  would  have  done.  The  upward  pressure  of  the 
Iter  would  in  part  counterbalance  the  effect  of  the  weight*of 
e  beam. 

Methods  of  Observation, 

We  first  endeavored  to  obtain  the  modulus  by  a  direct  pull 
1  a  bar.  For  this  purpose  water  was  put  in  brass  tubes  closed 
one  end  and  boiled  so  as  to  expel  bubbles  of  air,  then  frozen, 
metimes  artificially,  but  generally  by  placing  the  tubes  out 
the  window  and  allowing  the  water  to  freeze  naturally.  The 

♦  PhiL  Trans.,  1826. 
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temperature  of  the  air  varying  from  —8®  0.  to  —18®  C.  After 
it  was  thoroughly  frozen,  water  from  the  water  pipes  was 
allowed  to  flow  over  the  tubes.  This  expanded  the  brass 
enough  to  allow  the  cylinder  of  ice  to  be  slipped  out  without 
appreciable  melting. 

Some  of  the  cylinders  looked  homogeneous  throughout,  but 
most  of  them  appeared  to  be  very  porous  along  their  axes. 

The  bar  was  nung  by  a  clamp  at  its  upper  end.  At  the 
lower  end  there  was  another  clamp  to  which  a  scale  pan  was 
attached.  A  small  fibre  was  fastened  to  the  bar  at  the  upper 
mark  and  terminated  in  a  pointed  plumb-bob.  The  fiber  hung 
clear  of  the  ice  so  that  its  length  remained  invariable  and  the 
yielding  of  the  upper  support  made  no  difference.  The  increased 
diflFerence  in  the  readings  of  the  plumb-bob  and  of  the  lower  mark 
gave  the  elongation  for  a  given  weight.  The  increased  length 
being  so  small  and  the  least  wind  causing  the  fiber  and  bar  to 
swing,  the  errors  of  observation  were  so  large  that  this 
method  was  abandoned. 

It  may  be  interesting  to  note  that  a  bar  left  suspended  an 
entire  day  (temperature  —18®  C.)  changed  from  a  cylinder  to  a 
frustrum  of  a  cone. 

The  next  experiments  were  made  to  get  the  transverse 
vibrations  of  the  ice.  The  bars  were  obtained  in  the  same 
manner  as  in  the  previous  method.  A  sewing  needle  frozen 
transversely  to  one  end  of  the  bar  served  as  a  pointer.  The 
other  end  was  firmly  clamped.  The  clamp  was  cooled  to 
zero  before  the  ice  was  put  in.  A  tuning  fork  was  placed  bj 
the  side  of  the  ice  and  so  arranged  that  the  two  pointers  were 
on  a  line.  The  tuning  fork  and  bar  were  then  set  in  vibration 
and  a  piece  of  smoked  glass  drawn  under  the  two  pointen 
received  the  two  curves.  Knowing  the  rate  of  the  tuning  fork, 
the  number  of  transverse  vibrations  of  the  ice  was  obtained  by 
coniparing  the  number  in  equal  distances  along  the  two  curves. 

We  experienced  great  difficulty  from  the  ice  breaking  when 
it  was  clamped  or  when  it  was  struck  to  set  it  in  vibration,  bat 
by  continued  trials  we  succeeded  in  obtaining  two  well-defined 
curves.  The  height  of  the  vibrations  was  about  one-third  of  a 
millimeter.  It  is  not  certain  that  the  ice  always  attained  its 
proper  pitch. 

The  results  are  expressed  in  the  following  formula : 

(•28)«r« 

in  which  Z=  length  of   the    bar,  r=  the   radius,  5=  specific 
gravity  and  n=  the  number  of  transverse  vibrations  per  second. 
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Experiment  L — Jan.  29,  1885. 

/=33*cm.      r=*7'4  cm.      «='886      n=6416 
.-.     E=66  X  10» 

Experiment  II,  —Jan.  31, 1886. 

/  =  35-  cm     r  =  '90  cm     «  =  -886     n  =  51-4 
.-.  E  =  66  X  lO*. 

Transverse  Deflection. 

We  next  went  to  a  neighboring  pond  and  sawed  rectangular 
earns  of  ice  and  made  measurements  upon  their  elasticity  at 
be  pond.  Two  boards  about  20  cm.  wide  and  60  cm.  long 
rere  laid  upon  the  ice.  Two  half  cylinders  of  wood  were 
►laced  upon  these  to  form  the  supports  for  the  beams.  The 
athetometer  rested  upon  a  board  30  cm.  square  placed 
ipoD  the  ice.  It  read  to  fiftieths  of  a  millimeter.  After  the 
txperiments  the  part  of  the  scale  used  was  compared  with  a 
tandard  centimeter,  made  by  Prot  W.  A.  Rogers  of  the  Har- 
rard  Observatory,  and  each  millimeter  was  found  to  be  not 
Dore  than  -02°*™  in  error,  so  the  readings  were  not  corrected. 
\,  vertical  rod  with  a  needle  at  the  top  was  inserted  in  a  board 
.6  cm.  square  and  served  as  an  index.  The  index  was  placed 
10  the  middle  of  the  beam  and  the  weights  were  arranged 
fmmetrically  on  each  side. 

The  ice  was  23  cm.  thick,  had  no  cracks  or  fissures  and 
)emed  to  be   free   from   air    bubbles.      There    were    about 

cm.  at  the  bottom  which  appeared  to  be  of  a  later  forma* 
on  than  the  rest,  it  was  therefore  sawed  off. 

Care  was  taken  to  have  all  the  apparatus  below  zero  before 
le  experiments  began  so  as  not  to  melt  the  ice.  The  wind 
as  very  light  all  dav  and  did  not  shake  the  index.  The 
isnlts  are  given  in  tables  I  and  II. 

The  difference  in  the  modulus  of  the  same  bar  with  the  same 
eight  at  different  times  may  in  part  be  due  to  slight  variations 
I  the  positions  of  the  weights.  The  index  was  simply  placed 
D  the  beam  and  may  have  been  jarred  by  putting  on  or  taking 
ff  the  weights,  although  as  much  care  as  possible  was  taken  to 
void  these  errors.  There  did  not  seem  to  be  a  limit  of  perfect 
lasticity  to  any  of  the  beams  we  used,  but  all  gradually  bent 
nder  their  own  weight.  The  readings  were  taken  before, 
aring  and  after  the  weights  were  on.  The  downward  deflec- 
ion  is  used  in  calculating  E^  and  the  return  deflection  E. 

The  formula  used  was  obtained  in  the  following  manner: 

Let  P=  weight  divided  in  halves  placed  equidistant  from  the 
snter  of  the  beam,  a  =  distance  between  the  weights,  /  s 
mgth  of  span,  wl^  weight  of  the  beam.    Take  the  origin  at 
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the  centre  of  the  curve.     Then  taking  the  moments  about  any 
section  between  one  of  the  weights  and  the  nearest  support  the 

elastic  curve  E  --^  =  /(^J)  becomes 

cfo""       2\2       2/      2\4       3/^ 

but  C=0 


but  B=o 
limits  a;=0,  a;=- 

and  W=w/. 
8  =  the  deflection  at  the  centre  if  the  weight  was  there. 

limits  x=,-     «=— 
2  2 

OL 

s'  =  the  deflection  at  ic=  ^  when  the  weight  is  at  the  center. 

The  weight  of  the  beam  was  acting  all  the  time  so  that  we 
only  measured  the  deflection  due  to  the  weight  P.  Therefore 
the  part  containing  W  in  the  preceding  formula  will  disappear. 
By    the    principle    of    reciprocal    relations    a    weight   at  a 

OL 

distance  from   the    centre  «=-  will  produce  the  same  deflec- 
tion at  the  centre  as  the  same  weight  placed  at  the  center  woold 

oc 
produce  at  ^^^-k-     If  ^^^  weight  had   been  at  the  centre  we 

should  have 

P/' 

4b(Ps 
but  we  have  seen  that 


I 
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«= 


«r 


a 


2  ' 


•••^=4^(^-T(«'-«)-) 


another  time  we  went  where  the  old  ice  had  been  cut 
new  crop  about  5  cm.  thick  had  formed.  It  was  perfectly 
1  and  free  from  air  bubbles.  We  sawed  out  half  a  dozen 
nd  conveyed  them  to  the  laboratory  to  make  more  care- 
lasurements.  The  cathetometer  rested  on  the  stone  steps 
laboratory.  The  same  kind  of  supports  was  used  as 
The  index  consisted  of  a  needle  run  through  a  piece 
c  which  was  pasted  on  the  ice  and  could  not  be  jarred, 
ilar  index  was  placed  upon  the  supports  to  see  if  they 
pay  under  the  load.  It  was  found  that  they  were  firm 
d  not  vary.  All  the  apparatus  was  placed  out  in  the  air 
nough  to  acquire  its  temperature  before  the  experiments 

bars  were  smaller  than  the  former  ones  and  had  a  limit 
!ect  elasticity.  In  two  cases  the  limit  was  exceeded,  then 
r  weights  were  put  on  and  the  bar  was  again  perfectly 
The  density  of  this  ice  was  greater  than  that  of  the 
jd  in  former  experiments.  It  therefore  appears  that  ice 
imit  of  perfect  elasticity  if  small  bars  are  used,  but  that 
)eams,  although  elastic  to  a  certain  extent,  gradually  bend 

their  own  weight.     The  results  are  given  in  tables  III 
T. 

symbols  in  the  tables  are : 
=  length  of  the  span, 
=  temperature  of  the  ice, 
=  density  of  the  ice, 
=  breadth  of  the  beam, 
=  depth  of  the  beam, 
=  weight  applied, 

=  deflection  of  the  beam  from  zero  under  a  given  load, 
=  the  rise  of  the  beam  when  the  load  is  removed, 
=  modulus  of  elasticity  using  5', 
=  modulus  of  elasticity  ubing  5, 
=  distance  between  the  weights. 

measurements  are  made  in  the  C.  O.  S.  system  of  units, 
mperature  is  given  in  Centigrade  degrees, 
values  of  e  and  e'  are  given  in  absolute  measure. 


I.    Febbuary  12, 
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XfOnffittidincU  Vibrations. 

Before  using  bar  M  table  lY  we  compared  its  note  with  that 
of  a  pitch  pipe  which  had  been  graduated  by  a  siren. 
The  ice  gave  three-tenths  of  a  semitone  of  0  sharp. 

American  Pitch. 

RtchPipeC,         67-93  135-9  271-7  643-6  1087 

C#,       71-97  143-9  287-9  575-8  1152 

€   =  modulus  of  elasticity, 

n  =  number  of  longitudinal  vibrations  per  second, 
I   =  length  of  bar, 
J  =:  density  of  bar, 
n  =  1107.         /=  138.         J  =  -920. 
•.  €  =4rn*  J  =  86  X  10*. 

Summation. 

Average  of  table  I 57  X  10* 

"          "      "     II           ...         -        .         -65  " 

"         «      <*     III 71  " 

"          "      "     IV 96  " 

"          "  all  the  observations    -        -        -     72  " 

We  assign  greater  value  to  tables  III  and  IV  than  to  I  and 

Average  of  tables  III  and  IV         -        -        -    84  x  10* 
"         "  transverse  vibrations  -        -        61         '* 

"        "  longitudinal        «         ...    86         " 

Velocity/  of  Sound  in  Ice, 

/  €  /84X10' 

^=|/  -z^y      ,CLf.    =  290,000  cm.  per  sec.  =  2900  m.  per  sec. 

Dr  about  nine  times  the  velocity  of  sound  in  air, 
Jefferson  Physical  Laboratory. 


Art.  XLV. — Conlributions  from  the  Agricultural  Experiment 
Station  of  the  University  of  Wisconsin.  Digestion  Experiments ; 
bv  H.  R  Armsby. 

The  methods  of  cattle-feeding  worked  out  by  the  scientific 
experiments  of  the  last  twenty  years  require,  as  their  basis,  a 
knowledge  of  the  average  composition  and  digestibility  of  the 
fodders  in  common  use.  Thants  to  the  labors  of  American 
experiment  stations,  we  have  now  a  very  fair  knowledge  of  the 
composition  of  American  feeding-stuffs;  but  for  all  estimates  of 
their  digestibility  we  have  been  obliged  to  take  the  results  of 
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experiments  on  fodders  ^rown  in  foreign  countries,  no  deter- 
minations of  the  digestibility  of  any  of  our  fodders  hanng  been 
reported.  The  following  determinations  of  the  digestibility  of 
clover  hay,  malt-sprouts  and  cotton-seed  meal  by  sheep  are 
therefore  presented  as  a  contribution  to  our  knowledge  of  the 
digestibility  of  American  fodders : 

Fodders, — The  hay  was  first-crop  red  clover  hay,  of  good 
quality,  and  nearly  free  from  admixture  of  other  vegetation 
The  malt-sprouts  and  cotton-seed  meal  were  also  of  excellent 
quality,  as  was  evident  from  their  appearance  and  was  con- 
firmed  by  the  results  of  chemical  analysis. 

Conduct  of  experiments. — Two  grade  Cots  wold  wethers,  about 
three  years  old  and  weighing  about  87  pounds  each,  were  used 
for  the  experiments.  The  animals  stood  in  stanchions,  each  in 
a  separate  stall  specially  built  for  the  purpose.  They  were  fed 
from  zinc-lined  feed  boxes,  which  could  be- removed  to  be  filled, 
and  which  were  surmounted  by  a  funnel-shaped  structure  of 
boards,  which  effectually  prevented  any  scattering  of  the  fodder. 
Each  day's  fodder  was  weighed  out  separately  for  from  six  to 
ten  days  in  advance,  the  hay  in  cloth  bags,  the  bye-fodder  in 

Slass  fruit  jars,  and  samples  were  taken  at  the  same  time  for  the 
etermination  of  moisture  or  for  complete  analysis.  The  duns 
was  collected  in  rubber-lined  cloth  bags  {Kotfibeutel)^  attached 
to  the  hind  quarters  of  the  animals  by  means  of  a  light  hamesa. 
The  bags  were  emptied  every  twenty-four  hoars  and  the  dung 
weighed. 

A  sample  of  about  100  grams  of  the  fresh  dung  of  each 
animal  was  at  once  taken  and  dried  in  a  water  bath.  When 
sufficiently  dry,  it  was  allowed  to  stand  loosely  covered  for 
about  twelve  hours,  then  weighed,  rapidly  ground,  and  pre- 
served in  a  tightly  closed  glass  jar.  The  percentage  of  water 
in  the  air-dry  dung  was  subsequently  determined,  thus  afford- 
ing data  for  calculating  the  daily  excretion  of  dry  matter  by 
each  animal  on  every  nay  of  the  experiments.  At  the  close  of 
each  peri(»d,  the  samples  of  air-dry  dung  were  mixed  to  form 
an  analysis  sample  in  such  proportions  that  the  quantity  of  dry 
matter  from  each  day's  dun^  contained  in  the  mixture  was  pro* 
portional  to  the  amount  of  dry  matter  excreted  by  the  animal 
m  question  on  that  day. 

As  is  well  known,  it  is  necessary  in  digestion  trials  to  precede 
the  actual  experiment  by  a  preliminary  feeding  in  order  to 
remove  from  the  digestive  organs  remnants  of  previous  fodder. 
In  these  experiments  the  preliminary  feeding  and  the  actual 
trial  each  lasted  six  days,  in  most  cases.  Throughout  the 
experiments  two  grams  of  air-dry  salt  per  day  and  head  were 
given. 
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Sampling. — Since  the  value  of  a  digestion  experiment  is 
largely  dependent  upon  the  correct  sampling  of  fodders  and 
dung,  particular  attention  was  paid  to  this  point. 

Each  day's  dung  was  sampled  by  spreading  it  out  in  a  shal- 
low tray  and  taking  small  portions  from  different  parts  of  the 
tray  until  the  desired  amount  was  obtained. 

The  malt-sprouts  and  cotton-seed  meal  were  sampled  at  the 
time  of  weighing  out  for  feeding.  The  amount  required  for  the 
last  four  days  of  the  preliminary  feeding  and  the  six  days  of  the 
actual  experiment  was  weighed  out  at  one  time,  each  day's  feed 
separately.  As  each  one  of  these  twenty  portions  was  weighed 
oat,  a  small  amount  was  laid  aside,  and  the  mixture  of  these 
small  portions  constituted  the  analysis  sample. 

Substantially  the  same  method  of  sampling  was  applied  to 
the  bay,  but  as  it  was  desired  to  ascertain  by  these  trials  the 
average  composition  and  digestibility  of  a  considerable  quantity 
of  hay,  the  process  was  somewhat  more  elaborate. 

The  clover  hay,  to  the  amount  of  about  three  and  one-half 
tons,  was  run  through  a  power  feed  cutter,  using  nominally  a 
half  inch  cut.  although  most  of  the  hay  was  not  actually  cut  as 
fine  as  that  The  cut  hay  was  spread  out  on  a  tight  floor  and 
thoroughly  mixed,  being  handled  entirely  with  shovels  to  pre- 
vent, as  far  as  possible,  the  sifting  to  the  bottom  of  the  finer 
portions.  It  was  then  spread  out  about  two  feet  deep  in  an 
approximately  rectangular  form  upon  a  tight  floor.  Beginning 
near  the  diagonally  opposite  corners,  two  trenches,  each  about 
a  foot  wide,  were  dug  into  the  mass  parallel  to  the  longest  side 
of  the  rectangle,  care  being  taken  to  secure  whatever  dust  had 
sifted  through  to  the  floor.  (Very  little  dust  was  found.)  Two 
samples  of  about  500  pounds  each  were  thus  secured  and  stored 
separately  in  bins,  and  a  digestion  experiment  was  made  with 
each  sample. 

Id  weighing  out  the  hay  for  the  experiments,  a  quantity 
more  than  sufficient  was  spread  out  upon  a  tight  floor  and 
cloth  bags  were  filled  by  taking  about  two  shovelfuls  each, 
from  different  parts  of  the  mass,  while  at  the  same  time  an 
analysis  sample  was  taken  in  the  way  above  described  for  the 
other  fodders. 

In  the  experiments  with  hay  alone  the  fodder  for  the  pre- 
liminary feeding  and  the  actual  experiment  was  weighed  out  at 
different  times,  so  that  we  have  two  analyses  of  each  of  the  500 
pound  samples  mentioned  above.  In  the  subjoined  table  these 
are  numbered  1,  2,  3  and  4,  and  their  close  agreement  attests 
the  accuracy  of  the  sampling. 
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Oomposiiion  of  Fodders. —  Water  Dree. 

N.frt« 
Alba*  Crude  Ex- 

No.  Ash.       mlnoldi.         "AmldM.**    Fiber.         tract.         Fat. 

1  Clover  Hay 611  13-49  32-34  4719  187 

2  Clover  Hay 499  10-71  2*31        3299  4724  1-76 

3  Clover  Hay 4-59  13*73  32*24  47*32  212 

4  Clover  Hay 4*86  10*71  2*90        32*88  46*89  177 

6  Malt  Sprouts 4*26  16*40               7*46        13*63  66*79  1-46 

10      Cotton-seed    Meal    701        4301  4*60  3*00        27*83       U55 

Analytical  Methods. — Water  was  determined  by  drying  two 
grams  at  110^  C.  in  a  current  of  dried  illuminating  gas,  ash  by 
burning  at  a  low  temperature  and  deducting  CO,  and  char,  fat 
by  extraction  of  the  dry  substance  with  dry  sulpharic  ether, 
crude-filler  substantially  by  the  modified  Weenae  method  of 
Wattenberg.*  Total  nitrogen  was  determined  by  combustion 
with  the  mixture  of  slaked  lime  and  sodium  carbonate  recom* 
mended  by  Johnson  and  Jenkins.t  Protein  signifies  nitrogen 
X6'25.  "  Amides''  (more  properly  non-albuminoid  nitrogenous 
matters)  were  determined  by  Stutzer's  method,!  the  soluble 
nitrogen  found  by  that  method  being  multiplied  by  6*25. 
Albuminoids  equal  protein  minus  "  amides."  Nitrogen-free 
extract  is  by  difference. 

Period  I. 

During  the  first  period,  each  sheep  received  per  day  in  two 
feeds  700  grams  of  hay  from  one  of  the  500  pound  samples 
previously  mentioned,  with  water  ad  libitum  twice  per  day. 
This  amount  of  hay  was  eaten  clean.  The  analyses  above  show 
the  composition  of  the  hay  used  for  the  preliminary  feeding 
(No.  1)  nnd  the  actual  experiment  (No.  2).  As  weighed  out  it 
contained : 

No.  1,         83'87  per  cent,  of  dry  matter. 
No.  2,         83-59       "  "         " 

The  water-free  dung  had  the  following  composition: 


Sheep  1 
Sheep  2 


Ash. 

Protein. 

Cmde 
Fiber. 

Nitrogen- 

tree  ex- 

tract. 

F»t. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Percent. 

6-71 

14-38 

35*19 

41*38 

212 

6-57 

14*00 

36-31 

4151 

2-23 

The  weights  of  fresh  dung  and  of   dry  matter  excreted,  and 
of  water  drunk  were  as  follows: 

♦Jour.  f.  Laiidw'.,  xxviii,  273. 

f  Am.  Chem.  Jour,  i,  7^. 

j  Jour.  f.  Landw.,  xxviii,  103,  and  xxix,  473. 


H.  P.  Artnsby — Digestion  ExperimentB. 


369 


Bbeep  1. 


Sheep  H. 


Fresh 
dung. 
Ormt. 

Water-free 
dang. 
Ormi. 

Water 
drnnk. 
Orms. 

Freeh        Water-free 
doDg.            dung. 
Orma.            Ormi. 

Weter 
dmnk. 
Ormi. 

...      611-4 

284-4 

? 

548-7           247*4 

? 

...     613-3 

283-3 

0 

575-4           265-6 

0 

.-       683-2 

317-8 

865 

6090           280-0 

1630 

...     555-7 

263-2 

893 

622-6         [226-4] 

1077 

. . .     630-5 

303-6 

312 

849-5          367-2 

298 

...     569-3 

276-6 

0 

414 

636.3           2690 

198 

...     610-6 

288-1 

640-3           285-8t 

641 

» 

0-5 

0-5 

288-6 

286-3 

or  dung  adhering  to  baga. 

t  Excluding  Not.  14th. 

e  following  table  aro  calculated  from  these  data  the 
amount  of  each  ingredient  of  the  hay  eateu,  excreted 
«ted  per  day : 


• 
lU 

• 

a 

• 
0O 

•S^- 

^1 

-1 

oa 

o 

lu 

§1 

II 

h 

i 

Sheep  1. 

Orms. 

Ormi. 

Onne. 

Grmi. 

Grmi. 

Grma. 

Orma. 

rm8.  hay   . 

5861 

5566 

77-7 

62-8 

191-5 

276-7 

10-t 

BlO-6  gnna. 

dUDg 

288-6 

269-2 

40-4 

40-4 

101-5 

119-4 

7-9 

297-5 
50*8 

287-4 
51-6 

37-3 
48*« 

22-4 
I&-7 

900 
471 

167-3 
5«*8 

2-8 

igeated  ... 

M*9 

^heep  £. 

rms.  hay  . 

5861 

556-6 

77-7 

62.8 

191-5 

276-7 

10-7 

640-3  grms. 

dung 

286-3 

267-5 

41-2 

41-2 

1011 

118-8 

64 

299-8 
5M 

289-1 
51*9 

36-5 
410 

21-6 
14-4 

90.4 
4T« 

157-9 
5T1 

4-3 

igeited 



40-S 

3se  computations  the  average  of  analyses  1  and  2  is 
to   represent    the    composition    of    the    hay.      The 
s,"  being  soluble  in  water,  are  assumed  to  be  wholly 
e. 


Period  II. 

t  second  period,  Sheep  1  received  700  grams  and  Sheep 
50  grams  of  hay,  each  in  two  feeds  per  day,  from  the 
)f  the  two  500  pound  samples.     (Analyses  No.  3  and 
Here  follow  the  further  data  for  this  period. 

Dri/  matter  of  hay. 


No.  3, 
No.  4, 


84-59  per  cent 
84-13        ** 
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Compoattion  of  Dung. —  WaUr  fnt: 

Protein. 

Crude 

Nitrogen 

Ash. 

(Nx6-25) 

Fiber. 

free  extract. 

Ftt. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Perct 

Sheep  I  ... 

6-71 

13  99 

35-70 

41*24 

2-36 

Sheep  2  ... 

6-47 

1404 

35  65 

41-68 

2-16 

Daily  Excretion. 

Sheep  1. 

8beep2. 

Fresh 

Wftter-ft-ee 

Water 

Freeh 

WRterlree 

Wster 

dung. 

dang. 

drunk. 

dnuR. 

dung. 

drunk. 

Orms. 

Orms. 

Grmi. 

Grms. 

Orms. 

tinm. 

Nov.  23.. 

607-9 

294-2 

695 

508-6 

244-U 

978 

"     25.. 

651-8 

300-8 

921 

589-8 

279-0 

595 

"     26.. 

618-6 

283-2 

113 

529-3 

245-4 

U 

"     27.. 

554-1 

253-0 

0 

480-8 

234-4 

0 

♦'     28.. 

639- 1 

301-3 

680 

665-7 

266-7 

\iU 

Average  . 

614-3 

28»5-5 

483 

534-8 

253-9 

612 

Correction 

0-5 

0-6 

287-0  254-4 

Digestibility. 

S  SS         S  BO  ^u  ?• 

oa        OS       £       <B       oS       *zt  £ 

Sheep   1.                     Ormi.       Onus.      Orms.   Grms.      Onus.      Orms.  Gnu. 

Fed,  700  grraa.  hay   591*2      5633      80*8      63*3      192*5      2785  11.5 

Excreted,  614-3 grms. dung     287*0      267*7      40*2      402      102-4      118.')  6-S 

Digested    3042      2956      406      23*1        901       1602  47 

Per  cent  digeste(i 51*5       52*5     50*2     16*5      46*8       57*5  401 

Sheep  2. 

Fed,  650  grms.  hay   6490      5231      75-0      588      178*8      258*6  107 

Excreted,  634-8  grms.  dung     254-4      2379      35-7      35-7        907       106-0  5-6 

Digested 294-6      2852      39-3      23-1        88*1       152-6  5-2 

Per  cent  digested 5t*7       54*5     52*4     t9*t       49*t       59*0  m 

As  in  period  I,  the  average  of  the  two  analyses  of  the  haj  is 
made  the  basis  of  the  computation. 

In  the  following  table  are  brought  together  for  more  con- 
venient comparison  the  results  of  periods  T  and  II. 

Percentage  Digestibility  of  Clover  Hay, 

Dry         OrRanlc                            Alhu-          Crude       Nitrogen- 
matter,       matter.       Protein.      minolda.        fiber,     free  extract.  Ftt 

Sheep  1.        Per  cent.     Per  cent.     Per  cent.     Per  ceni.     Per  cent.     Per  cent.  Per  cent. 

Period  I 50-8           61-6           48-0           35-7           47-1            56-8  262 

Period  TI 61-5           52-5           602           365           46-8           57-5  40-9 

Average    512           521           491           361           47  0           57-2  40-9* 

Sheep  S. 

Period  I 5I-J            519           470           .^4-4           47*2           571  402 

Period  II 53-7           64-5           62-4           39  3           49-3            590  486 

Average 624           53-2           497           369           48-3           58-1  444 

Average  of  all     51-8           52-7           494           36-5           47-7           577  42-1* 

*  Excluding  the  result  ou  sheep  1  in  period  I  as  probably  erroneous. 
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Pbbiod  m. 

[n  a  third  period,  the  digestibility  of  malt  sprouts  was  the 
Dject  of  experiment,  the  sprouts  being  fed  with  the  clover 
7  already  experimented  upon.  Unfortunately,  Sheep  No.  2 
i  to  be  excluded  from  this  experiment  on  account  of  a  sore 
>t  in  consequence  of  which  he  ate  poorly.  Sheep  No.  1  re- 
ved  per  day  600  grams  of  the  clover  hay  and  175  grams  of 
lit  sprouts.  The  latter  were  soaked  in  hot  water  and  fed 
lile  still  warm,  the  whole  amount,  together  with  half  the 
7,  being  fed  at  night  and  the  remainder  of  the  hay  in  the 
)rning. 

The  preliminary  feeding  in  this  period  was  continued  for 
16  days,  but  the  analysis  samples  represent  the  material  fed 
ring  the  last  four  days  of  the  preliminary  feeding  and  the  six 

s  of  the  actual  experiment. 

n  this  and  the  subsequent  period  the  average  of  analyses  1, 
3  and  4  is  tiiken  to  represent  the  composition  of  the  dry 
liter  of  the  hay.  Its  digestibility  is  assumed  to  be  the 
eraffe  of  that  found  in  Periods  I  and  II  for  the  animal  under 
nsideration. 

Dry  matter  of  Fodders. 

Hay  (No.  6),  83  49  per  cent. 

Malt  Sprouts,  (No.  6),  88*03       " 

Compoaiiion  of  Dung. —  Water  free. 

Nitrogen- 
Ash.  Protein.        Crude  fiber.    flreeextrMt.         Fat. 
Percent.        Percent.         Percent.        Percent.       Percent. 

lepl    6-28  14-07  3409  43*70  1-86 

Daily  Excretion, 

Sheep  1. 


{ 


Freeh  dang.         Water-free  dung.      Water  drunk. 

Orma.  Ormt.  Ormi. 

Dec.  10     604-0  276  6  1120 

•*     11    802-6  356-6  624 

"     12    732-9  298-6  0 

"  13  626-8  2811  1332 

"  14  697-8  288-7  86 

••     15   622-6  266-5  354 


Average    681-1  294-7  686 

Correction 0-5 

295-2 
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Digestibility. 


^  lU 


^  2*«i  2  -"^  ES  ••2 

ca  oa  £  :il  us  s^ 

OmM.  Orma.  Ormi.  Ormi.  Orms.  Grmt. 

Fed.  GOO  gnns.  hay 600*9  4764  67-4  53-6  163*3  236*3 

Fed,  175  grms.  malt  sproute .     1541  147*5  36*8  25*3  21*0  87*5 

Totel    6550  623-9  104*2  78*9  184*3  323  8 

Excreted,  681*1  grms.  dung  .     295*2  276*6  41*5  41*5  100*6  1290 

Digested,  total 359*8  347*3  62*7  37-4  83*7  194*8 

Digested  from  hay 256*4  248*2  33*2  19*4  76*8  135*2 

Digested  from  malt  sprouts  .     103*4  99*1  29*5  18*0  6*9  59*6 

Per  cent  digested 67*1  67*2  80*2  71*2  tS*9  68*1 


1« 


Period  IV. 

The  preliminary  feeding  continued  six  days.  Each  anin 
received  700  grams  of  hay  and  175  grams  of  cotton-seed  me 
The  meal  was  given  dry,  sprinkled  over  the  night  feed  of  hi 
and  the  fodder  was  always  eaten  clean.  For  sixteen  days  p 
vious  to  the  preliminary  feeding  the  sheep  had  been  fed  I 
same  fodders,  and  in  approximately  the  samo  amounts,  as 
the  experiment.  The  analysis  samples  of  the  fodders  represei 
as  in  Period  III,  the  last  four  days  of  the  preliminary  feedii 
and  the  six  days  of  the  actual  experiment. 

Dry  matter  of  fodders. 

Hay  (No.  9),  84*09  per  cent. 

Cotton-seed  meal  (No.  10.),      92*41       " 


Composition  of  Dung.— 

-Water  free. 

Cmde 

Nltroffen- 

Anh. 

Protein. 

fiber.         free  extract 

Fu. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  ecu 

Sheep  1   

6*44 

16*31 

34*57 

41*87 

1-81 

Sheep  2   

6*35 

16*72 

33-98 

42*15 

1*80 

Daily  Excretion, 

Sheep  1. 

Sheep  2. 

Fresh 

Water-free 

Water 

Freah 

Water-free 

¥tte 

dung. 

dUDg. 

drank. 

dang. 

dnog. 

dro&l 

Ormt. 

Orms. 

OrmB. 

Grms. 

Grmt. 

Grm 

January  8.. 

740*7 

297*0 

1417 

894*1 

369*7 

765 

9.. 

1010*1 

392*8 

751 

750*5 

307*0 

113 

'•      10.. 

805*2 

2980 

1176 

759*7 

295*6 

1588 

"      11.- 

792*4 

292-6 

1119 

707-1 

283*5 

1315 

»•      12.. 

852*3 

342*0 

397 

921*6 

348*7 

411 

"      13..; 

686-8 

273*9 

1106 

699*6 

264-1 

978 

Average 

316*1 

994 

311-4 

m 

Correction- - 

0-5 

0-5 

316*6 


311*9 
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Digestibility, 


Sheep  1. 

)  grms.  hay 

)  grms.  cotton-seed  meal 


al 

1,  814*6  grms.  dung  . 

I,  total 

L  from  hay   


a 
t 

Q 


1  from  cotten-seed  meal 
;  digested 

Sheep  2. 
al 

i,  788-8  grms.  dung 


I,  total  .... 
1  from  hay 


132-3 
81*8 

760-3 
311-9 


438-4 
308-4 


i  from  cotton-seed  meal 
t.  digested 


130-0 
804 


ss 

1st 
oa 


Grms 

588-6 
161-7 

Grms 

559  8 
150-4 

750-3 
3166 

710-2 
296-2 

433-7 
301-4 

4140 
291-7 

122-3 
81-t 

710-2 
2921 


418-1 
297-8 


120-3 
80-0 


• 

a 

s 

o 

* 

1 

o 

a 

a 

0 

< 

Grms 

Grms 

79-2 

63-0 

77-0 

69-5 
132-5 

156-2 

48-5 

48-5 

107-7 

84-0 

390 

22-7 

68-7 

61-3 

89-2 

88*2 

156-2 

132-5 

490 

490 

1072 

83-5 

39-4 

22-9 

67-8 

60-6 

88-1 

8T-« 

o 

« 


Grms 

191-9 
4-9 


1- 

BBS 


Grms 

277-6 
450 


196-8,  322-6 
1094  132-6 


87-4 
90-2 


? 
? 

196-8 
106-0 


90-8 
92-7 


? 
? 


190-0 
158-8 


31-2 
09.t 

322-6 
131-5 


191-1 
161-3 


Grms 

11-1 
23-5 


29-8 
66*2 


34-6 
6-7 

289 
4-5 

24-4 
1069 

34-6 
6-6 

•59-0 
4-9 

241 
IOS'5 


\  of  some  interest  to  compare  these  results  with  those  ob- 
by  Wolff  in  some  recent  experiments,*  also  on  sheep : 


Digestibility  of  Cotton  Seed  Meal, 


Dry  matter 

Organic  matter 

Protein    

Crude  fiber 

Nitrogen-free  extract. 
Fat 


WoUTb  experiment. 
74-0 
80-4 
84-7 

"83'7 
87-6 


Avera^  of  tkeie 
experimentB. 

81-1 

80-7 

88-7 

67*8" 


the  following  table  the  amounts  of  digestible  matters 
it  in  the  three  fodders  have  been  calculated  in  per  cents 
whole  fodder : 


PXBOMVTAGX  COMPOBXTIOV. 

DiexsTniT.v. 

i 

• 

• 

c 

1 

■ 

•9 

• 

u 

1 

1 

*f 

^"2 

< 

I 

1 

li 

^1 

Car 

dral 

^ 

u* 

lay,  av- 

of  four 

ses 

16-07 

4-10 

11-30 

8-99 

27-37  39-68 

1-68 

5*58 

3-27  36-80 

0-67 

X>Ut8.. 

11-97 

3-75 

21-00 

14*44 

11-99  50-00 

1-29 

16-86 

10-27 

38-36 

1-29 

leed 

7-59 

6-48 

44-00 

39-59 

2-77 

25-72 

13-44 

39-07 

34-72 

17-67 

13-44 

*  Landwirthschaftliche  Yersuchs-Stationen,  xxvii,  216. 
t  Digestible  crude  fiber  and  nitrogen-free  extract. 
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Probable  Ebbobs  of  the  Results. 

It  is  a  matter  of  some  importance  to  know  to  what  amount 
of  error  the  results  obtained  in  these  experiments  are  subject. 
They  obviously  are  net  susceptible  to  a  strict  mathematical 
treatment  accordi  g  to  the  theory  of  probabilities,  .':!uch  as 
might  be  applied  to  astronomical  or  physical  observations.  At 
the  same  time  it  appears  possibK',  by  making  what  seem  reason 
able  assumptions  upon  certain  points,  to  fairly  approximate  to 
the  probable  errors  of  the  results.  In  the  following  paragraphs 
this  has  been  attempted : 

Experiments  with  hay  alone, — a.  Errors  in  weighing  fodder 
and  dung.  The  hay  was  weighed  out  upon  a  balance  sensitive 
to  0*1  gram.  As,  however,  the  conditions  were  not  always 
favorable  to  extreme  care  in  weighim'.  we  will  assume  01 
gram  as  the  probable  error  of  a  single  weighing.  Then,  since 
the  weight  of  the  hay  was  obtained  by  subtracting  the  weight 
of  the  empty  from  that  of  the  filled  bag,  the  probable  error  in 

the' weight  of  hay  for  one  day  is  db^0'l*+0'l*=d=0'14grm8. 
In  like  manner,  the  weight  of  fresh  dung  daily  excreted  is 
subject  to  a  probable  error  of  db  0*14  grams.  As,  however, 
the  experiment  was  continued  for  six  days,  the  probable  error 
of  the  average  for  one  day  is  in  each  case  ±  0*14  -:-  v^  6  =  0"058 
grams.  Th^s  quantity,  expressed  as  per  centage  of  the  average 
amount  fed  or  excreted  (vOO  grams  and  622  grams),  eqaals 
0*008  per  cent  and  0009  per  cent  respectively,  and  isobviooslj 
so  small  that  for  the  purposes  of  this  calculation  it  may  be 
neglected. 

b.  Analytical  errors.  In  addition  to  the  errors  arising  in  the 
weighing  of  fodder  and  dung,  the  unavoidable  errors  of  analysis 
must  be  taken  into  account.  These  can  be  computed  with 
nome  degree  of  accuracy  for  the  determinations  of  dry  matter, 
nitrogen  and  crude  fiber.  For  the  organic  matter  and  fat  the 
data  are  less  complete,  and  owing  to  the  less  importance  which 
attaches  to  these  determinations,  the  computations  have  not 
been  attempted.  Nitrogen-free  extract  has  also  been  excluded 
from  the  computation,  because,  being  determined  by  difference, 
all  the  errors  of  the  other  determinations  are  incluaed  in  it 

The  amount  of  dry  matter  fed  in  Periods  I  and  II  is  deduced 
from  the  average  of  analyses  Nos.  1  and  2  and  Nos.  3  and  4 
respectively,  or,  each  determination  being  in  duplicate,  from 
the  average  of  four  single  analyses. 

Taking  this  small  number  as  the  basis  of  a  calculation  of 
probable  error  we  obtain  the  following  results  : 
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Period  I« 

V. 

vv. 

83-86  per  cent. 

+  0-125 

00156 

83-89       ♦' 

+  0-165 

0-0240 

83-60       " 

-0-135 

0-0182 

83-59       '♦ 

-0-145 

00210 

334-94  0  0-0789 

83-735       " 

Probable  error  of  one  determinaiion  0*110  per  cent. 

Period  II. 

84-65  per  cent   •  +02925  0085556 

84-5-2       "  +0-1625  0-026406 

8413       "  -0  2275  0061756 

84-13       ••  -0-2276  0061766 


,^37-43  0  0-216475 

,    84-3575    " 

Probable  error  of  one  determination  0*186  per  cent 

q[uently,  twelve  determinations  of  dry  matter  were 
on  another  fodder  (coarse  wheat  bran)  by  the  same 

twelve'determinations  gave  as  the  probable  error  of  a 
termination  of  dry  matter  by  this  method  ±  0*12  per 
esalt  agreeing  well  with  the  smaller  of  the  two  errors 
d  above. 

in,  in  our  compatations,  we  assume  ±  0*12  per  cent  to 
t  the  probable  error  of  one  determination  of  dry  matter, 
at  least  not  over-estimate  it      ' 

computation  of  the  probable  error  of  the  nitrogen  and 
ber  estimations  in  the  fodder  we  have  eight  determina- 
^h,  made  on  samples  agreeing  so  closely  in  composition 
By  may  fairly  be  assumed  to  have  been  iaenticaL 
assumption,  we  get  the  following  results : 


Nitrogen. 

Grade  fiber. 

T. 

TT. 

T.   • 

TT 

-0*05 

0-0025 

32*92 

—0-65 

0*4225 

+  005 

0-0025 

3295 

-0-62 

0*3844 

-0-08 

0*0064 

33-55 

-002 

0*0004 

-0*06 

0-0036 

33-64 

+  0*07 

0-0049 

+  0  06 

0-0036 

33-71 

+  0-14 

0*01 96 

+  0*04 

00016 

33-44 

—0*13 

0-0169 

+  0-06 

0-0036 

33*96 

+  0.39 

0-1521 

—0-02 

00004 

34-36 
268-66 

+  0*79 

0-6241 

0 

0*0242 

0 

1*6249 

33-57 

rror  of  1  determination 

Probable 

error  of  1  determination 

±0  040. 

±  0*326. 

'6  determinations  each  of  nitrogen  and  crude  fiber  on 
pie  of  bran  mentioned  above  gave  the  following  results: 

ra.  Sol— Third  Seribs,  Vol.  XXIX,  No.  173,  Mat,  1886. 
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Nitrogen.  Grade  Iber. 

Probable  error  of  1  determiDation...        0*062  per  cent  0*22  per  ceot 

These  figures  differ  somewhat,  but  not  very  greatly,  from 
those  computed  directly  from  the  analyses  in  question,  and 
serve  to  show  that  the  latter  include  no  gross  errora 

The  determinations  of  dry  matter,  protein  and  crude  fiber 
in  the  dung  were  made  in  precisely  tne  same  manner  as  with 
the  fodders.  As  only  duplicate  determinations  were  made  on 
any  one  sample  there  are  no  sufficient  data  for  a  compatation 
of  probable  errors,  but  there  is  no  evident  reason  why  they 
should  differ  essentially  from  those  of  the  same  determinations 
on  fodders,  and  we  shall  assume  that  they  do  noL 

From  these  data  as  to  the  probable  errors  of  the  percentages 
of  dry  matter,  protein  and  crude  fiber  found  by  analysis,  we 
proceed  to  compute,  in  grams,  the  probable  errors  of  the 
amounts  of  each  ingredient  eaten  and  excreted.  In  doing  this 
it  must  be  remembered  that  the  percentages  of  dry  matter  are 
to  be  calculated  upon  the  amount  of  air-dry  hay  fed,  or  of  fresh 
dung  excreted,  while  the  percentages  of  protein  and  erode 
fiber  are  to  be  reckoned  upon  the  amount  ot  dry  matter  fed,  or 
excreted.  We  may,  for  convenience,  first  compute  the  proba- 
ble errors  on  the  basis  of  a  single  determination  each  to  be  as 
follows : 

PrdbahU  Errors. — Single  Deiermination. 

Arenge  ooninmptlon.  Artnge  excretion. 

Onna.  Onnt. 

Fresh    700  622 

Dry  matter 688±0-84  287±0i5 

Protein  (N  X  6-25) 78±l-47  39±0-72 

Crude  fiber 189±l-9l  99±0-93 

These  probable  errors  have  now  to  be  reduced  in  accordance 
with  the  number  of  observations  upon  which  the  value  of  each 
quantity  depends.     These  are  as  follows : 

For  dry  matter,  protein  and  crude  fiber  of  fodder,  four  deter- 
minations ;  for  protein  and  crude  fiber  of  dung,  two  determina- 
tions. Thie  value  for  dry  matter  excreted  rests  upon  duplicate 
daily  determinations,    repeated   for  six   days.     The  error  as 

above  computed,  then,  should  be  divided  by  ^2X^6=346. 
For  the  actual  probable  errors,  then,  we  find  the  following 
amounts : 

Probable  Errors. 

Average  consumption.  Average  excretion.  Average  dlge«M. 
Grms.                                Grma.  Gnui. 

Dry  matter 588±0-42  287±0-22  301±0-47 

Protein  (Nx  6-25)  ...  78±0-74  39±0-6l  39±0-90 

Crude  fiber.. 189±0-96  99±0-66  90±in 

By  dividing  the  probable  errors  of  the  last  column  by  the 
amounts  of  the  corresponding  ingredients  fed,  we  obtain  the  pe^ 
centage  error,  viz : 
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Dry  matter ±0*08  per  cent 

Protein ...      ±115       '* 

Crude  fiber ±0-62       " 

That  is,  the  percentages  for  digestibility  as  given  on  p.  360 
e  subject  to  these  errors. 

Experiments  with  bye-fodders. — In  these  experiments  we  have 
e  additional  errors  arising  in  the  weighing  out  and  analysis 
the  bye-fodder. 

a.  Errors  in  weighing.  The  bye-fodders  were  weighed  on 
e  same  balance  as  the  hay,  but  were  weighed  directly,  and 
e  consequently  subject  to  an  error  of  only  d=  O'l  gram  for 
single  weighing.  Both  bye-fodders  and  hay  were  weighed 
It  for  ten  days  at  a  time  instead  of  for  six  as  in  Periods  I  and 

Plainly,  then,  the  error  due  to  weighing  will  be  less  than 
those  periods  and  may  be  neglected. 

b.  Analytical  errors.  The  analytical  errors  we  may  calculate 
pon  the  samn  basis  as  before,  remembering,  however,  that  the 
>mposition  of  the  hay  in  these  experiments  is  the  average  of 
ght  determinations,  except  the  dry  matter,  which  is  the 
rerage  of  but  two  (compare  p.  358),  while  that  of  the  bye-fod- 
er  is  the  average  of  only  two. 

The  errors  in  the  determination  of  the  excretion  would  be 
ractically  the  same  in  amount  as  before. 

Probable  Errobs. 

Malt  Sprouts, 

Dry  matter.  Protein  (Nx6'2S).  Crude  fiber. 

Grms.  Orms.  Ormi. 

lay  fed 500±0-5l  67±0-44  163±0-67 

Ult sprouts  fed 154±016  37±0-27  21±0-35 

'otal  fed 664±  104±  184± 

Sicreted ._     295±0-22  42±0-51  101  ±0*66 

Mgested 369±0'97  62±  83± 

)ige8ted  froi%hay-..     256±0-40  33±0-76  76±l-08 

)ige8tedfrom  M.  S...     103±0-70  29±105  7±l-43 

Percentage  error ± 045  pr.  ct  ± 2 -84  pr.  ct.  ± 6*82  pr. ct 

Cottonseed  Meal 

Uyfed 589±0-59  79±0-62  192±0-68 

.S.M.fed 162±015  77±0-29  5±0-37 

otal  fed 751±  156±  197± 

xcreted    314±0-22  49±0-51  109±0-66 

►tal  digested 437±  107±  88± 

gested  from  hay...     30l±0'47  39±0-90  90±1-17 

jfested  from  0.  S.  M.     136±0-80  68±119  — 2±l-65 

rcentage  error ±0*49pr.  ct,  ±l*56pr.  ct.  ±31*01  pr.]ct 
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It  thus  appears  that  the  digestion  coeflScients  for  the  bye- 
fodders  are  subject  to  a  considerable  analytical  error,  which, 
when  expressed  as  above,  of  course  varies  in  amount  with  the 
proportion  of  the  ingredients  in  question  which  the  bye-fodder 
contains.  Thus  the  absolute  probable  error  of  the  amount  of 
crude  fiber  digested  is  very  nearly  the  same  in  the  malt  sprouts 
as  in  the  cotton-seed  meal,  but  the  very  small  percentage  of 
fiber  contained  in  the  latter  substance  renders  the  percentage 
error  much  greater. 

There  is,  however,  another  and  more  serious  source  of  error 
in  the  determination  of  the  digestibility  of  bye-fodders.  6. 
Kiihn^  has  recently  shown  that  the  digestibility  of  the  flame 
fodder  by  the  same  animal  may  vary  at  different  tiroes.  He 
shows  this  to  be  true  for  hay  alone,  and  also  for  a  mixture  of 
hay  and  bran.  In  these  experiments  the  same  phenomeooD 
appears.  Sheep  No.  2  digested  the  hay  decidedly  better  in 
Period  II  than  in  Period  I,  (compare  p.  360)|  the'diflerences 
being  much  larger  than  the  probable  errors  of  experimeot, 
while  Sheep  No.  1  shows  no  such  difference  except  as  regards 
the  protein  and  perhaps  the  fat.  The  variations  of  the  single 
coefficients  from  the  mean  of  the  two  periods  is : 

Dry  matter 1*3  per  oent 

Protein 2*7       *' 

Crude  fiber 1-1       »• 

There  is  no  obvious  reason  why  the  digestibility  of  the  hay 
may  not  have  varied  from  the  mean  assumed  for  it  in  the  ex- 
periments with  bye-fodders.  We  have  no  measure  of  the 
probable  amount  of  that  variation,  but  it  is  reasonable  to 
assume  a  possible  variation  at  least  as  great  as  that  observed  on 
the  hay  alone.  Then  in  the  calculations  on  p.  368  the  valaes 
of  the  amounts  digested  from  the  hay  will  be  subject  to  a  posii* 
ble  error  from  this  cause  of 

Malt  iproat  C.B.  M. 

experiments.  ezpelbienti. 

Dry  matter ±6-60  grmB.  ±7*64  gnns. 

Protein ±1-81     "  ±2-13    " 

Crudefiber ±1*79     "  ±2-11    " 

Combining  these  with  the  probable  analytical  errors,  weha?e 
the  following  for  the  possible  errors.  (We  omit  the  calculation 
for  the  sake  of  brevity.) 

Possible  Errors. 
Malt  sproatt.  Cotton-teed  meaL 

±  ± 

Drvmatter 6-54  grini.=  4  25  per  cent.  7*67  grmfl.=  4*74  percent 

Protein    209     "     =666       "  244     "     =3*17      " 

Crudefiber 2  29     '*      =10-91       "  2*62     "     =52-37      " 

*  Landw.  Yersuchs-Stationen,  xxix,  1. 
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In  view  of  these  large  possible  errors,  it  is  quite  evident  that 
e  determinations  of  the  digestibility  of  these  three  ingredients 
the  malt-sproats  and  cotton-seed  meal  have  little  scien- 
ic  value.  This  was,  of  course,  sufficientlv  evident  as 
gards  the  crude-fiber  of  the  cottonseed  meal  from  the  fact 
at  an  apparent  negative  digestibility  was  observed.  Moreover, 
is  evident  that  the  fat  determinations  are  equally  valueless, 
ice  an  apparent  digestibility  of  more  than  100  per  cent  was 
served  in  every  case.  We  must  conclude,  then,  that  while, 
shown  on 'p.  366,  the  digestibility  of  the  total  ration  was 
itermined  with  reasonable  accuracy,  the  computation  of  the 
gestibility  of  the  bye-fodder  involves  so  many  possibilities  of 
ror  that  the  results  have  very  little  value.  Essentially  the 
me  conclusion  was  reached  by  Kiihn  in  his  paper  already 
ted. 

If  we  concede  this,  however,  the  further  question  arises, 
bether  the  results  of  the  large  number  of  digestion  experi- 
ents  made  upon  bye-fodders  during  the  past  twenty  years 
»erve  any  greater  degree  of  confidence.  So  far  as  the  writer 
m  see,  this  question  must  be  answered  in  the  negative.  Both 
^tihn's  experiments  and  those  here  reported  were  made  with 
rery  precaution  to  ensure  accuracy,  and,  so  far  as  can  be 
idged  from  the  published  accounts,  are  at  least  equal  in  this 
jspect  to  the  great  majority  of  other  experiments.  Moreover, 
has  been  assumed  that  there  was  no  error  of  sampling  and  no 
)ss  of  either  fodder  or  excrement  In  short  the  computed 
OBsible  errors  are  due  simply  to  errors  of  analysis  and  possible 
ariations  of  digestibility  and  these  we  have  endeavored  not  to 
ver-estimate.  The  averages  of  a  number  of  determinations 
rhich  we  find  given  in  tables  of  the  digestibility  of  fodders, 
ave,  of  course,  a  certain  practical  value  as  approximations  to 
ie  truth.  They  may  properly  be  made  the  basis  of  the  calcu- 
ition  of  rations  in  practice,  but  neither  they  nor  the  single 
suits  upon  any  given  fodder  can  properly  enter  into  any 
nentific  calculation  of  the  nutritive  effect  of  a  ration. 


Art.  XL VI. — Massive  Saffloriie  ;  by  LeEoy  W.  McCay. 

About  a  year  and  a  half  ago  I  published,  in  Freiberg, 
axony,  a  pamphlet  upon  cobalt,  nickel  and  iron  pyrites.* 
1  the  first  part  of  this  little  brochure  I  endeavored  to  show 
lat  the  rhombic  modification  of  speiskobalt,  so  carefully 
»cribed  by  Sandberger  and  by  him  called  spathiopyrite,  is 
entical  with  the  safflorite  of  Breithaupt.      The   arguments 

*Beitrag  zur  KenntDiss  der  Kobalt,  Nickel-  und  Eisenkiese,  Freiberg,  1883. 
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advanced  in  sapport  of  the  identity  of  the  two  minerals  prored 
amply  convincing,  for,  shortly  after  the  appearance  of  the 
pamphlet,  Sandberger,  in  a  letter  to  the  editors  of  the  Jahr- 
Duch,^  distinctly  admits  his  willingness  to  withdraw  his  name 
spathiopyrite  and  to  substitute  for  the  same  the  Breitbaupt 
term  safflorite. 

In  my  article  upon  safflorite,  however,  I  not  only  concluded, 
in  accordance  with  Breithaupt*s,  Sandberger's  and  my  own 
researches,  that  there  was  actually  a  crysUdline  rhombic  modi- 
fication of  speiskobalt,  but  also  that  there  was  undoubtedlj  a 
mtusive  rhombic  modification  of  this  species.  Sandbemr, 
now,  although  ready  to  admit  the  existence  of  the  crystalline 
modification,  i.  e.  safflorite,  calls  in  question  my  right  to  use 
the  term  to  cover  the  massive  varieties.  Why  he  shoald 
object  to  my  using  the  words  in  the  broad  sense  I  am  unable 
to  discover.  He  further  appears  to  doubt  the  accuracy  of  the 
statement  which  appears  so  often  in  Breithaupt's  Paragenesis,! 
to  the  effect  that  speiskobalt  and  safflorite  appear  together, 
and  suggests  it  as  well  to  examine  the  specimens  belonging  to 
the  Freiberg  collection  with  the  view  of  discovering  what  this 
safflorite  really  is.  The  specimens  from  Bieber,  &)hneeberg, 
Beinerzau  and  Wittichen  which  Sandberger  had  opportunity 
to  examine  exhibited  no  indications  of  the  two  minerals  occur- 
ring together. 

It  is  just  possible  that  Sandberger  may  have  misunderstood 
me  respecting  my  reasons  for  inferring  the  existence  of  massive 
safflorite,  and  yet  I  am  unable  to  see  why,  for,  with  one  possi* 
ble  exception,  my  language  on  this  point  is  perfectly  clear. 
It  is  not  intended  that  the  word  safflorite  shall  be  used  to 
designate  all  massive  varieties  of  speiskobalt,  as  Sandberger 
seems  to  infer,  but  only  to  specify  such  as  possess  as  higna 
gravity  as  7*0.  It  is  a  well  established  fact  that  numbers  of 
specimens  of  massive  speiskobalt  give  specific  gravities  ranging 
from  6'9-7'3,  that  these  specimens  are  invariably  gray  and 
that  they  are,  as  a  general  thing,  rich  in  iron.  The  specific 
gravity  of  typical  smaltine  is  now  about  6*50,  consequently 
these  arsenides  cannot  be  real  smaltine,  and,  since  the  iron 
cannot  occasion  the  high  weight,  there  remains  but  one  species 
under  which  to  class  them  and  this  species  is  safflorite.  We 
have  a  massive  variety  of  the  rhombic  modification  of  the 
nickel  arsenide  and  its  high  specific  gravity  is  its  exclusive 
determining  mark;  hence,  nickel  and  cobalt  being  twin 
elements,  the  right  of  insisting  upon  the  exisence  of  the  corres- 
ponding cobalt  compound  is  certainly  just  and  proper.    If  the 

*  Neueg  Jahrbuch  far  Mio.,  Geol  und  Palffiont.,  Jahrffanflr,   1884,  toI  L  pp. 
69-70. 
f  Die  Paragenesis  der  Mlneralieii,  pp.  222,  223. 
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Dce  of  the  massive  variety  of  safflorite  be  deemed  qaes- 
»le,  then  the  existence  of  the  massive  variety  of  rammels-  | 
e  mast  be  deemed  qaestionable,  for  the  proof  in  favor  * 
existence  of  the  former  is  fully  as  convincing  as  that  in 
of  the  existence  of  the  latter.     I  feel  sure  that  the  major- 
mineralogists  will  support  me  upon  this  point     Before 
fully  settled  that  there  was  a  rhombic  modification  of  , 
obalt  it  was  perfectly  proper  to  question  the  propriety  of 
ing  these  heavy  varieties  as  other  than  tesseral  in  system, 
>w  that  the  existence  of  safflorite  has  been  established  on 
ontrovertible  basis  no  doubt  can,  I  think,  be  raised  as  to 
;ht  of  classing  them  under  the  rhombic  form.     Thus  our 
ication  would  be  complete  for,  just  as  we  have  with  ref- 
;  to  nickel : 

I.  Chloanthite,  tess.,  sp.  gr.  6*50 

II.  Rammelsbergite,  rhomb.,  sp.  gr.   7*122 

1.  crystalline. 

2.  massive. 

ewise  have  we  with  reference  to  cobalt : 

I.  Smaltine,  tess.,  sp.  gr.      6*50 
n.  Safflorite,  rhomb.,  sp.  gr.  7*129 

1.  crystalline. 

2.  massive. 

ich  then  for  my  reasons  for  insisting  upon  the  existence 
massive  variety. 

ile  engaged  in  studying  cobalt  and  nickel  minerals  I  did 
amine  a  massive  variety  of  safflorite  and  my  conclusions 
l11  drawn  from  analyses  made  by  others.  After  reading 
erger's  letter  I  wrote  to  Professor  Weisbach  in  Freiberg, 
iting  him  to  send  me  for  examination  some  specimens  of 
obalt  which  should,  if  possible,  exhibit  the  occurrence  of 
lie  and  massive  safflorite  together.  Professor  Weisbach, 
lis  usual  courtesy  and  amiability,  responded  immediately 
request,  and  forwarded  to  me  several  pieces  of  a  massive, 
nd  very  heavy  specimen  of  cobalt  arsenide.  Upon  two 
36  pieces  there  are  perched  a  number  of  little  tm-white 
Is  of  smaltine  perfectly  distinct  and  well  marked.  The 
eberg  miners  call  the  gray  mineral  schlackenkobalt  and 
h  it  was  labeled. 

I  fracture  is  conchoidal,  the  structure  proper  finely  gran- 
od  microcrystalline.  Here  and  there  little  cavities  are 
\  lined  with  microcrystala  The  sur&ces  exhibit  a  faint 
ler  and  some  pieces  show  a  play  of  colora  In  addition 
smaltine  already  mentioned  there  is  present  a  small 
ity  of  crystallized  quartz. 
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The  specific  gravity  was  first  taken  with  a  namber  of  pieces 
about  the  size  of  peas,  no  special  care,  however,  being  observed 
as  to  selection.     I  obtained : 

1.  6-832 

2.  6-839 

3.  6-846 

Although  too  high  for  smaltine  the  results  were  unsatisfac- 
tory. A  careful  examination,  with  a  hand  glass,  of  a  large 
number  of  pieces,  disclosed  the  presence  of  numerous  tiny 
orifices.  I  therefore  selected  with  the  greatest  care  a  sufficient 
quantity  of  what  appeared  to  be  the  most  homogeneous  chips, 
and  again  made  two  determination&     I  obtained  : 

1.  6-868 

2.  6-869 

In  every  case  the  pieces  of  mineral  were  thoroughly  boiled  in 
water. 

These  figures  are  also  too  low.  All  five,  however,  agree  in 
a  very  remarkable  manner  with  the  specific  gravity  of  a  crystal* 
line  safflorite  which  was  analyzed  by  Jaeokel*  in  Heintz's 
laboratory.  The  specific  weight  was  taken  by  Rose,  who  found 
6-840.  Rose  says  the  weight  is  low  owing  to  the  presence  of 
porosities.  Feeling  assured  that  these  porosities  were  the 
cause  of  the  trouble  in  my  case,  I  powdered  a  quantity  of  the 
schlackenkobalt,  brought  5-2566  grams  into  a  picnometer  and, 
having  filled  the  same  about  half  full  of  water,  placed  it  for 
one  hour  under  the  air  pump,  then  for  two  hours  on  the  boil- 
ing water  bath  and,  finally,  heated  the  water  in  the  bottle 
over  a  free  flame  to  boiling,  care  being  taken  to  avoid  any  loss 
which  might  result  from  too  violent  ebullition.  The  heating 
was  continued  for  several  minutes.  After  the  water  had  cooled 
to  the  temperature  of  the  room  the  specific  gravity  of  the  min- 
eral was  again  taken.  In  this  case  the  result  was  most  satis- 
factory, the  figure  7*167  being  obtained.  Temperature  of  the 
water  during  the  experiment  25*5®  C.  The  mineral,  then,  is 
either  rammelsbergite  or  safflorite.  I  next  made  a  very  care- 
ful chemical  analysis  with  the  following  result: 

Quantity  for  analysis  0  5  grm. 

As 69-52 

S 0-90 

Co 18-36 

Ni not  even  a  trace! 

Fe 9-40 

Cu 0-62 

Bi tr. 

Insoluble 1*30 


100-10 

Rose's  Krystallo-chemisches  STStem. 
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arsenio  was  estimated  according  to  a  iqethod  of  mv  own 
b  is  fully  described  in  the  Chemical  News,  vol.  xlviii, 
L232,  page  7.  The  cobalt  was  determined  electrolytically. 
:ter  subtracting  the  insoluble  residue,  recalculating  and 
ling  each  percentage  by  the  proper  atomic  weignt  we 
n : 

As 70-36  -r-  75  =  0-938 

S 0-90  -4-  32  =  0-028 

Co 18-68  -T-  59  =  0.3141 

Ni 

Fe 9-51  ~  66  =  0-169 

Cu 0-62  4-  63  =  0-009 

Bi tr. 


V-492 


99-97 


)rm  RS'  14  atoms  of  R  are  necessary, 
mt  from  492  we  obtain  : 


Subtracting  this 


478  :  938     == 


1 
1 


1-96 
2 


;e  the  formula  is : 


X(!^3)  [-^=^0,  Fe  and  Cu. 


7  analysis  of  schlackenkobalt  agrees  in  a  most  peculiar  way 
the  analysis  of  a  mineral  from  Schneeberg  which  was 
lined  by  Von  Kobell*  and  called  by  him  eisenkobaltkiea 
rder  that  a  comparison  can  be  readily  made,  I  here  place 
.wo  analyses  along  side  of  each  other  : 


Von  KobeU  (Schneeberg). 

Sp.  gr.=6-95 

Crystallized. 

As 71-08 

S tr. 

Fe 18-48 

Co. 9-44 

Ni none 

Cu tr. 

Bi J-00 


McCaj  (Schneeberg). 

Sp.gr.  =  7-167 

Massive. 

As 70-36 

S 0.90 

Co 18-58 

Fe 9.51 

Ni none 

Cu 0-62 

Bi tr. 


100-00 


99-97 


11  be  seen  that  the  quantity  of  cobalt  in  the  schlacken- 
It  is  identical  with  the  amount  of  iron  in  the  eisenkobalt- 
and  that  the  quantity  of  cobalt  in  the  eisenkobaltkies  is 
;ical  with  the  amount  of  iron  in  the  schlackenkobalt. 
is  certainly  most  remarkable  I  Can  it  be  the  result  of 
ce  ?    I  think  not ;  I  am  inclined  to  believe  that  Von  Kobell 

♦Von  Kobell:  GrQnd.  Min.,  1838,  S.  300. 


874  Trowbridge  and  Eaysi — AppUoaHon  of 

made  a  mistake  Jd  wriiiog  down  bis  figures — that  be  ood- 
founded  the  cobalt  with  the  iron  percentage  and  rice  versa. 
The  sum  100  indicates  that  the  analvsis  was  done  bj  diSereoce, 
Had  it  been  made  directly  and  had  the  sulphur  and  coppei 
been  carefully  determined  the  chances  are  the  agreement  witli 
my  results  would  have  been  even'  closer. 

It  is  a  very  interesting  fact  that  the  mineral  analyzed  bj 
Von  Kobell  was  crystalline.  He  says  it  was  between  tin-white 
and  light  steel-gray  in  color,  and  he  calls  attention  to  the  fad 
the  crystals  were  grouped  in  spheres  and  resembled,  indirida- 
ally,  thin,  flat  rhombohedrons.  The  mineral  will  be  imme- 
diately recognized  as  Breithaupt's  saEBorite.  It  is  exceedindj 
gratifying  to  find  an  analysis  of  a  crystalline  aafflorite  whicn 
agrees  so  well  (although,  I  must  confess,  in  a  peculiar  way)  with 
one  of  the  massive  variety  and  the  meaning  is  at  once  evideoL 

The  specific  gravity  7'167,  together  with  the  resQlta  of  ^ 
chemical  analysis,  prove  without  a  doubt  that  the  heavy,  gni 
and  massive  mineral  sent  me  by  Profeaaor  Weisbach  ua 
labeled  schlaokenkobalt  is,  indeed,  saEBorite,  and  the  accom- 
panying tin-white  smaltine  demonstrates  conclusively  tbatsmil- 
tine  ana  safflorite  do  appear  together  and  that  too  in  precisel)r 
the  manner  indicated  oy  Breithanpt  in  his  Faragenesia  ] 
trust,  then,  that  this  article  will  serve  to  overthrow  any  doabi 
which  may  exist  in  the  minds  of  mineralogists  conoeming  tti 
certainty  of  the  existence  of  a  massive  variety  of  safflorite  uu 
that  my  views  i\s,  here  set  forth  may  atoii'?  I'T  :uiy  equivocs 
statement  or  statements  which  may  have  iiiadverlentlj  < 
into  my  pamphlet, 

John  C.  Gn-eii  School  ol  Science,  Princeton,  N,  J,  Jan.  20th,  M8ii, 


Art.  XLVIl. — Application  of  Photography 

uremenli  ;   by  JoHN  Tbowbbidgk  and  HamkoB* 
Hayes. 

Ix  the  sludy  of  electromotive  force  and  of  voltaic  0 
often  desirable  to  have  long  continued  observations,  Thew 
plote  history  of  tlie  action,  for  instance,  of  the  Daniell  cell  wi( 
uiiTerent  strengths  of  solution  extending  over  boars  or  days, 
it  could  be  presented  to  the  eye  as  a  curve,  would  be  valuab 
to  tht^e  who  desire  to  know  the  behavior  of  such  a  cell  whi 
it  is  doing  work  under  definite  conditions.  Such  carve  con' 
be  obtained  bv  [>atient  observation,  but  it  would  bennprofitab 
labor  for  one  to  spend  his  time  in  watching  the  ezoarsions  of 
galvanometer  needle,  if  the  needle  can  be  made  to  record  i 
movements  by  any  device. 
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e  method  we  have  used  enables  one  to  stady  the  action 
sell  at  one's  leisure,  the  apparatus  running  at  oight  ordur- 
tie  daj  when  ooe  is  occupied  with  other  work.  A  beam 
ght  from  a  gas  Bame  passes  through  a  vertical  slit  placed 
snt  of  the  flame  and  is  reflected  from  the  concave  mirror 
angeDt  galvanometer,  of  few  turns  of  wire,  through  a  hori- 
,1  slit  in  a  dark  box  in  which  a  sheet  of  sensitive  paper  is 
d.  By  means  of  this  arrangement  of  a  vertical  and  a  hori- 
Jslitasmall  pointoflightisobtained.  A  stationary  concave 
ir  is  placed  near  the  needle  of  the  tangent  galvanometer, 
»t  the  same  beam  of  light  may  be  reflected  by  both  this 
ir  and  the  one  attached  to  the  galvanometer  needla  The 
>f  light  given  by  the  stationary  mirror  serves  to  mark  the 
point  of  the  needle  when  no  current  is  passing  through 
alvanometer.  The  photographic  paper  is  placed  in  a  slide 
1  is  lowered  uniformly  by  the  unwinding  of  a  string  from 
le  cylinder  placed  either  upon  the  hour  hand  or  the  minute 

of  a  cheap  eight-day  clock.  When  the  electrical  cur- 
'rom  the  voitaic  combination,  which  is  being  used,  passes 
gh  the  galvanometer  its  changes  in  strength  for  different 

are  indicated  by  the  relations  of  the  two  lines  drawn 
the  sensitive  paper.  The  line  drawn  by  the  light  from 
ationary  mirror  is  a  straight  one,  and  serves  for  the  abscissa 


ea,  while  the  perpendicular  distances  from  the  curve  drawn 
B  mirror  attacnea  to  the  needle  of  the  galvanometer  to 
xis  of  times  give  the  ordinates  of  the  curve  drawn  by 
tter.  Rapid  printing  paper  was  used  and  an  ordinary 
ime  gave  a  sufficiently  strong  spot  of  light  to  produce  an 
cefTecL 
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Fig.  1  represents  the  action  of  a  modification  of  Trouvfi's  bat- 
tery. Daring  this  experiment,  which  lasted  for  thirty  minutes  • 
there  were  five  ohms  in  the  external  circuit.  The  right  hand 
portion  of  the  diagram  shows  the  strength  of  current  when  the 
circuit  was  made,  and  it  will  be  observed  that  the  battery  was 
not  at  its  best  until  ten  or  twelve  minutes  after  making  the 
circuit;  from  this  maximum  point  the  strength  of  the  current 
gradually  diminishes.  Fig.  2  shows  the  action  of  the  same 
battery  with  ten  ohms  external  resistance  Under  these  condi* 
lions  we  find  at  the  instant  of  making  circuit  a  strong  current 
which  rapidly  diminishes  within  the  first  five  minutes  to  one- 
sixth  of  its  first  strength. 

Knowing  the  distance  of  the  galvanometer  from  the  sensitive 
paper  the  strength  of  the  current  may  be  calculated  by  measur- 
ing  the  distance  between  the  two  lines  at  any  instant  and  pro- 
ceeding as  with  an  ordinary  galvanometer  and  scale. 

From  a  comparison  of  the  two  figures  the  electromotive  force 
may  be  determined  by  Ohm's  law,  if  the  distance  between  the 
lines  is  measured  at  the  instant  the  current  is  made.    Then 
knowing  the  electromotive  force,  current,  and  external  resist- 
ance, we  can  readily  find  the  internal  resistance.     This  resist- 
ance will   be   the  liquid   resistance  of  the  cell  only  for  the 
moment  that  the  circuit  is  made,  for  afterward  the  variation  in 
electromotive   force  due   to   polarization,    and   the  change  in 
resistance  of  the  liquid  due  to  electrolytic  action  will  combine 
to  cause  changes.     Since,   however,   the   changes  in  electro- 
motive force  due  to  polarization  are  much  more  rapid  in  their 
action  than  the  changes  in  battery  resistance  a  very  small  error 
will  be  introduced   if  we  compare  points  near  each  other  on 
those  parts  of  the  curve  in  which  the  variation  in  current  is 
greatest:  during  the  small  fraction  of  a  minute  that  is  taken 
the  change  in  battery  resistance  will  be  infinitesimal  and  may 
be  neglected. 

We  have  selected  these  photographs  as  an  example  of  the 
large  variations  that  some  batteries  present  and  the  consequent 
usefulness  of  some  such  way  of  studying  their  action.  From 
measurements  upon  these  photographic  charts  the  variations  in 
electromotive  force  and  internal  resistance  can  be  studied  by 
obtaining  such  charts  under  different  conditions  of  external 
resistance.  It  is  evident  that  the  same  photographic  method 
can  be  employed  to  study  the  swing  of  the  needle  of  a  short 
coil  galvanometer  which  indicates  the  gradual  heating  of  a 
thermopile.  In  this  way  the  conduction  of  heat  along  a  bar 
could  be  studied. 

Jefferson  Physical  Laboratory. 


Trowbridge  and  Jlaye^ — Alteniating  Currents.       377 


Abt.  XLVIIL — On  the  production  of  alternating  currents  by 
means  of  a:  direct  current  dynamo-electric  machine ;  by  John 
Trowbridge  and  Hammond  Vinton  Hayes. 


It  is  often  desirable  to  transform   a  direct  current  into  an 
alternating  one  for  the  purpose  of  obtaining  electricity  of  high 
tension  by  means  of  a  KuhmkorflFcoil,  for  studying  the  effects 
of  stratifications  in  vacuum  tubes,  or  for  employing  alternating 
currents  in  the  study  of  magnetism.     The   best  way  is  un- 
doubtedly to  employ  an  alternating  dynamo-electric  machine, 
«s  has  been  done  by  Spottiswoode.     When,  however,  only  a 
direct  current  machine  is  available  the  following  method  can 
be  employed : 

1.  2. 


3te 


m 


JE 


The  dynamo  machine,  if  it  is  not  a  shunt  wound  machine,  is 
chanted  by  a  suitable  resistance.     We  have  employed  for  this 
purpose  thin  ribbon  steel  about  1*5  cm.  broad  and  *01  mm.  in 
thiekneBS.    The  remaining  portion   of  the  Qurrent  from  the 
machine  is  conducted  to  two  brass  oi  copper  segments  a  a\  fig. 
8.    This  current  is  led  to  the  primary  coil  for,  for  instance  of  a 
Bahmkorffcoil  from  two  other  segments  i,  V.     These  segments 
are  fixed  upon  a  cylindrical  shaft  A,  fig.  1,  which  is  stationary. 
A  belt  passing  over  the  pulley  B  turns  the  wheel  C  upon  the 
&oe  D  of  which  revolve  four  brushes  which  connect  the  adjoin- 
ing segments.      The  brushes  a  a^b  b^  are  made  adjustable, 
the  two  adjoining   brushes  being  electrically  connected,  and 
a  small  stream  of  water  plays  upon  the  segments  of  the  commu- 
tator.   The  character  of  the  spark  produced  by  a  Buhmkorff 
<xnl  which  is  marked  by  alternating  currents  has  been  studied 
\sj  Spottiswoode.    Without  condensers  in  the  secondary  circuit 
a  bnght  yellow  ^low  spans   the  distance  between   the  two 
terminals  of  the  coil  which  partakes  more  of  the  character  of  a 
iroltaic  arc  than  of  the  ordinary  discharge  from  a  Buhmkorff  ooil. 
The  apparatus  which  we  used  produced  three  thousand  reversals 
A  minute.    This  rate  was  too  rapid  for  the  best  effects  with  a 
£ahmkorff  ooil.    It  enabled  us,  however,  to  study  the  musical 
note  produced  in  the  cores  of  the  electro-magnet  by   rapid 
xeyersals  of  the  current  in  the  electro-magnet,  and  also  tne  heat- 
ing effects  which  have  been  so  often  studied. 

JefferBOQ  PhjBical  Laboratory. 


378      Cla/rke  and  DiUer — Topaa  from  Stoneham^  Me. 


Art.    XLIX.  —  Topaz  from    Stoneham^    Maine ;    by   F.  W. 

Clarke  and  J.  S.  Diller.* 

In  1882,  Mr.  G.  F.  Kudz  called  attention  to  a  new  locality 
for  topaz,  discovered  by  Mr.  N.  H.  Perry,  of  South  Paris, 
Maine,  in  the  neighboring  town  of  Stoneham.  The  announce' 
ment  aroused  considerable  interest  among  collectors  of  minerals, 
and  somewhat  later  the  locality  became  famous  as  a  source  of 
the  very  rare  species  herderite.  In  addition  to  topaz  and  her- 
derite,  the  locality  yields  albite,  apatite,  autunite,  biotite,  beryl, 
columbite,  damourite,  fluorite,  gahnite,  garnet,  muscovfte, 
orthoclase,  quartz,  triplite,  and  zircon,  together  with  other 
materials  of  obscure  and  doubtful  character.  This  list  of  species 
was  furnished  by  Mr.  Perry,  who  also  supplied  us  with  material 
for  investigation. 

In  the  latter  part  of  1883,  Mr.  0.  M.  Bradburyf  published 
an  analysis  of  the  Stoneham  topaz,  which,  if  correct,  would 
show  the  mineral  to  be  quite  unlike  any  topaz  hitherto  knowa. 
His  results  were  as  follows,  and  make  the  proportion  of  flaorine 
half  as  high  again  as  the  generally  accepted  formula  for  topaz  ' 
would  require.  The  figures  in  parentheses  are  added  to  facili*  | 
tate  comparison  with  our  own  data : 

8p.  Gr.  3-54 

Al 27-14  (A10„  51-26) 

Si 14-64  (SiO„21-37) 

F 29-21 

O 28-56 


90-55 


The  peculiar  interest  attaching  to  these  figures  made  a  new 
analysis  desirable ;  and  accordingly  the  task  was  undertaken  in 
the  laboratory -of  the  U.  S.  Geological  Survey.  Meanwhile  Mr. 
Perry  bad  called  our  attention  to  some  apparently  altered  topaz; 
the  crystals  of  which,  having  the  unchanged  mineral  at  the 
centre,  were  transformed  upon  the  surface  to  a  dark  purple, 
soft  substance,  easily  cut  with  a  knifa  Between  the  purple 
zone  and  the  topaz  was  a  greenish,  intermediate  layer,  which 
shaded  off  imperceptibly  into  the  original  nucleus. 

Intimately  associated  with  the  topaz,  in  all  the  specimens 
received  by  us,  was  a  mineral  identified  by  Dr.  T.  M.  Chatard 
as  damourite.  This  mineral  occurs  at  the  localitv  in  two  forms; 
first,  as  a  broadly  foliated  mica,  much  like  a  pale  green  musco* 

*  The  microscopic  and  crystaliographic  work  described  in  this  paper  is  ealirelj 
due  to  Mr.  Diller.— F.  W.  C. 
t  Chemical  News,  xlviii,  109. 


Clarke  wnd  JDiUer — Topaz  from  Stoneham^  Me.      879 


vite,  and  sometimes  very  well  crystallized ;  and  secondly,  as  a 
massive,  subfibroas,  dark  green  variety,  suggestive  of  steatite 
or  serpentine.  Both  forms  were  analyzed  oy  Dr.  Chatard,* 
and  the  analyses  have  already  been  published; — they  are  repro- 
duced here  for  comparison  in  series  with  those  of  the  topaz  and 
its  alterations.  The  latter  were  analyzed  by  Mr.  Edward 
"Whitfield,  who  examined  the  topaz  itself,  the  greenish  inter- 
mediate layer,  and  the  outermost  purple  product.  The  topaz 
was  white,  massive,  and  somewhat  milky,  and  the  method  of 
analysis  was,  as  in  the  case  of  Bradbury's  work,  the  old  zinc 
oxide  process  of  Berzelius.  The  alkalies  were  estimated  with 
the  aid  of  the  bismuth  oxide  method  of  decomposition,  as  pro- 
posed by  Hempel,  and  modified  in  this  laboratory  by  Chatard.f 
The  results  may  be  tabulated  as  follows : 

A,   unaltered  topaz;    B,  greenish   layer;    0,  purple  zone; 
D,  massive  damounte  ;  E,  foliated  damourite. 


Sp.Gr 

A. 
3-61 

8. 

B, 
3-42 

7. 

"0.90 

■     M     ■»     « 

1-42 
014 

a 

2-82 
3. 

D. 

E. 

HardDesa 

: 

8i0, 

31-92 

57-38 

1699 

0.20 

0-15 

1-33 

17-21 
0-20 
0-12 
1-18 

3516     . 
63-18     . 
12-88     . 

0-90 

1-62     . 

1-28     • 

"T32 
017 

44-52     . 

46-19     

0-40       0-38 
3-74       3-99 

2-3'^     

2-82     

oil    \\\\\ 

0*30       0*48 
0-14     

4519 
33-32 

46*34 

A1,0, 

33*96 

P. 

H,0 

4-48 
11-06 
1-57 
4-25 
0-68 
trace. 
0-36 

4*78 

K,o : 

10-73 

lfa,0 

1-49 

fee 

^nO 

CWO 

3*96 
0*61 
0-22 

iCiK) 

0*10 

^\^  —-«•«•*■-- 

t^educt  ozygOD.. 

107-97 
716 

106-40 
5-42 

100-62 
-16 

100-81 

101-09 

100-81 

100-98 

100-46 

If  we  now  consider  these  analyses  in  their  order,  we  find  first 
;bat  the  topaz  itself  is  ordinary  topaz,  having  none  of  the 
inomalous  character  indicated  by  Mr.  Bradburjrs  work.  The 
small  quantities  of  alkalies  present  may  be  attributed  either  to 
idmixed  impurity,  or  to  an  incipient  alteration  such  as  is  sug- 
gested by  analyses  B  and  C.  The  latter  point  clearly  to  a 
progressive  change  from  topaz  towards  damourite,  the  fluorine 
and  some  alumina  having  been  gradually  eliminated  and  re- 

E laced  by  other  constituents.  This  change  was  probably 
ronght  about  by  the  action  of  potash  solutions,  proauced  by 
the  kaolinization  of  adjacent  feldspatbic  material,  the  removal 
of  fluorine  and  alumina  having  been  followed  by  the  taking  up 

♦  This  Journal,  July,  1884.     Also  Bulletin  No.  9,  U.  S.  G.'& 
t  BuUetin  No.  9,  U.  S.  G.  S.,  1884. 
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of  potassiam.  One  preliminary  experiment,  bearing  up 
mode  of  alteration,  has  been  tried.  A  weighed  qaantitj/ 
topaz,  in  fine  powder,  from  the  sample  which  waa  analj 
Mr.  Whitfield,  was  digested  on  the  water  baih  for  sevc 
with  a  weak  solution  of  potassium  carbonate.  Thee 
filtering,  the  amount  of  fluorine  in  the  filtrate  was  esti 
and  found  to  be  0*38  per  cent  of  the  weight  of  topaz 
That  is,  fluorine  can  be  slowly  extracted  from  topaz 
suggested  process,  although  further  experiments  are  ne< 
make  the  case  anything  like  complete. 

Inasmuch  as  the  chemical  analyses  alone  do  not  prov 
pletely  the  change  from  topaz  to  damourite,  microscopic 
were  made  and  examined,  using  the  specimen  which  s 
the  alterations  most  perfectly.  In  this  specimen  the 
zone  had  a  thickness  of  about  one  centimeter,  and  exhibi 
its  surface  the  crystalline  faces  of  topaz.  On  other 
specimens  even  the  topaz  striae  were  distinctly  visibh 
means  of  the  well-marked  basal  cleavage  it  was  easy  to 
mine  and  prepare  particular  sections  parallel  and  perpen( 
to  the  vertical  axis,  and  both  sections  extended  from  tb 
side  of  the  purple  border  into  the  fresh  topaz.  In  the 
section  the  position  of  the  brachypinacoidal  plane  was  r 
determined  by  means  of  the  plane  of  the  optic  axes,  w 
represented  by  the  vertical  line  in  the  middle  of  fig.  1. 

1. 


Basal  section  of  a  Topaz  Crystal. 
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the  topaz  there  are  man;  liquid  inclusions  (a,  a,  Sg.  1) 
which  the  bubble  readily  disappeare  upon  heating ;  and 
are  usually  «rranged  in  planes  extending  in  nearly  the 
direction  as,  and  approximately  parallel  to  the  most  com- 
prismatic  planes  /  and  t-2.      Almost  at  right  angles  to 

as  represented  in  fig.  1,  are  numerous  fissures,  (b,  b) ; 
I  lie  for  the  most  part  near  the  same  prismatic  planes. 
issures  represented  in  the  lower  righi-hand  portion  (c)  of 
;ure  are  filled  with  a  finely  foliated,  micaceous  mineral, 
9  physical  and  optical  properties,  as  far  as  they  can  be 
red,  agree  fully  with  those  of  the  damourite  which  was 
3ted  to  analysis  by  Dr.  Chatard.     The  folice  of  damourite 

in  fissures  only  ;  and  aUhough  considerably  interwoven, 
ire  for  the  most  part  nearly  parallel  to  the  dssures  m 
,  they  lie.  The  same  Qssurea  ((,  t)  are  seen  in  a  vertical 
3D  in  fig,  2,  which  represents  a  section  perpendicular  to 
Fig.  a. 


Vertical  section. 


hown  in  fig.  1 ;  i.  e.,  parallel  to  the  vertical  axis  of  the 
In  fig.  2  the  basal  cleavage  of  the  topaz  is  plainly 
[a,  a) ;  and  nearly  parallel  with  it  are  prominent  cross- 
res,  one  of  which  is  represented  near  the,  middle  of  the 
1  (c).  The  damourite  extends  far  into  the  topaz  along 
basal  fractures  in  the  form  of  veins,  and  from  the  latter  it 
off  tongues  into  the  prismatic  fissures.  These,  as  shown 
figure,  gradually  increase  in  size  from  left  to  right,  until 
paz  entirely  disappears,  and  the  whole  mass  is  made  up 
Jes  of  damourite.  The  position  of  each  scale  bears  no 
»  relation  whatever  to  the  crystallographic  axes  of  the 
;  although  the  foliie  are  generally  parallel,  they  are  often 
larly  interwoven.  The  fact,  as  shown  in  fig.  2,  that 
en  the  mass  of  the  topaz  and  the  damourite,  there  is  an 
lediate  zone  in  which  both  are  intermingled,  is  exceed- 
important.  Furthermore,  the  damourite  always  occurs  in 
loim.  3ci.— Third  Series,  Vol.  XXIZ,  No.  ns.— Mat,  1886. 
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fractures  belonging  to  the  topaz ;  indicating  clearly  that  the 
fractarees  were  formed  before  the  damourite,  and  determlDed 
its  position.  The  basal  fissures  of  the  topaz,  which  depend 
upon  its  basal  cleavage,  once  extended  directly,  through  the 
place  now  occupied  by  damourite,  showing  that  the  same  space 
was  once  filled  by  topaz,  and  that  the  former  must  be  an  altera- 
tion product  of  tne  latter. 

It  will  at  once  be  seen  that  the  crystallographic  and  micro- 
scopic evidence  is  even  more  emphatic  than  the  chemical 
analyses  in  pointing  to  the  conclusion  that  the  altered  topaz  is 
essentiall}^  damourite.  And  yet,  if  we  compare  the  analysis  of 
the  purple  material  with  the  typical  damourite  examined  bj 
Chatard,  we  find  that  the  transformation  is  chemically  not 
quite  perfect  More  alumina  must  be  lost  and  more  potassium 
must  be  gained  before  the  alteration  can  be  considered  com- 
pletely damouritic ;  or,  in  other  words,  certain  stages  of  the 
chemical  process,  although  easily  to  be  understood,  are  yet  to 
be  actually  observed  on  specimens  of  minerals.  The  state  of 
the  case,  as  it  stands  in  the  actual  specimens  under  considera- 
tion, is  probably  as  follows:  Analysis  A  represents  practically 
unaltered  topaz ;  B,  a  mixture  of  topaz,  damourite,  and  an 
intermediate  alteration  product ;  C,  a  similar  mixture,  with  the 
topaz  almost  wholly  removed  and  the  damourite  overwhelmingly 
predominating.  The  intermediate  product,  which  is  perhaps 
microscopically  identical  with  topaz  itself,  should  be  simply 
the  latter  species  with  its  fluorine  replaced  either  by  oxygen, 
by  hydroxyl,  or  by  both ;  and  its  formation  is  probably  a 
necessary  antecedent  to  the  production  of  the  damourite.  The 
loss  of  fluorine  appears  to  have  preceded  the  taking  up  of 
alkalies. 

In  order  to  make  clear  the  relations  between  topz  and 
damourite,  we  may  profitably  consider  a  few  structural  formulae. 
Reduced  to  its  simplest  empirical  expression,  the  composition 
of  typical  topaz  corresponas  to  the  formula  Al,  F^SiO^.  This 
may  be  written  structurally  in  seven  difierent  ways;  three 
being  as  follows,  and  the  others  variations  of  these : 

1.  2.  3. 

^SiO. 
0-Al=0  ><>A1-F        Al 

F,=Si<  SiO,  >0 

0-Al=0  ^  Al-F        Al 

^F, 

The  first  formula  is  rather  improbable,  the  second  represents 
an  orthosilicate,  the  third  falls  under  a  metasilicate  type. 
Which  one  is  best  supported  by  evidence  ? 

A  prime  difliculty  in  the  way  of  discussing  the  chemical 
structure  of  minerals  arises  from  the  fact  that  we  have  as  jet 
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3tworthy  means  of  ascertaining  their  true  molecular 
\.  The  formula  of  topaz,  for  example,  may  either  be 
pie  expression  given  above,  or  a  multiple  of  that ;  and 
y  method  of  even  approximately  solving  the  problem  is 
y  the  reactions  of  topaz,  or,  in  other  words,  its  modes  of 
on.  Now  the  simplest  formula  for  pure  damourite,  and 
lich  is  commonly  recognized,  is  Al,KH,(SiOj,.  That 
ourite  is  far  more  readily  and  probably  figured  as  an 
ticate  than  in  any  other  way  ;  and  this  fact  tends  to  sus- 
5  orthosilicate  formula  for  topaz, 
nuch  as  the  formula  of  damourite  contains  three  SiO^ 

we  may  now  triple  the  simplest  formula  for  topaz,  and 
n  probable  structural  fashion  the  formulae  of  the  two 
Is  side  by  side.  The  results  will  be  suggestive,  even 
g  by  themselves ;  but  more  so  if  we  consider  at  the  same 

number  of  other  allied  species.  These  are  xenolite, 
2,  paragonite,  and  eucryptite.  Xenolite,  which  is  opti- 
lenticai  with  fibrolite,  has  been  reestablished  as  a  distinct 
I  by  the  analysis  of  Wiik;   fibrolite  is  unquestionably 

to  topaz ;  paragonite  is  the  sodium  analogue  of 
rite,  and  eucryptite  is  especially  noteworthy  for  its  altera- 
nto  hydro-mica.  Triphng  the  formulae  commonly  as- 
to  fibrolite  and  eucryptite,  the  series  may  be  presented 
ws: 


)=Al 

^SiO-(AlO). 

/SiO=AlFJ, 

y-Ai 

Al— SiO.irAl 

Al    SiO -Al 

);  Ai 

\  SiO,_Al 

\  SiO,HAl 

>lite. 

Fibrolite. 

Topaz. 

3,_KH, 

/  SiO -NaH- 

/  SiO  =Li. 

3  =A1 

Al    SiO=Al 

Al— SiO=Al 

3._A1 

\SiO-Al 

\  SiO -Al 

4 

ourite. 

Paragonite. 

Euciyptito. 

3lite,  it  will  be  observed,  is  the  normal  orthosilicate  of 
um,  and  from  it,  by  a  simple  process  of  substitution,  the 
may  be  directly  developed.  In  a  future  paper  an  effort 
made  by  one  of  us  to  show  that  the  formulae  of  all 
licates  containing  aluminum  may  be  similarly  derived, 
{  a  way  as  to  bring  out  most  clearly  and  unmistakably 
itions  of  the  mineral  species  to  each  other.  The  system 
cularly  applicable,  with  great  definiteness,  to  the  ortho- 
micas,  and  even  shows  the  derivation  of  metasilicates 
lem  ;  as  in  one  case  which  may  be  fairly  presented  here, 
simply  withdraw  from  damourite  the  elements  of  water, 
d  ortho-  and  metasilicate  will  be  formed, — thus : 

/SiO=KH,  ^SiO,-K 

Al— SiO,=Al    -H,0     =     Al— iSiO=Al 
\SiO=Al  ^SiO^zzAl 


384      Cla/rke  and  DUler — Topaz  from  SUmeham^  Me. 

Two  other  derivatives  of  this  ^roup  of  compounds  maj  be 
cited  for  example  of  an  extension  of  this  process,  namely, 
westanite  (or  woerthite,  a  hydrous  fibrolite)  and  kaolin.  If 
half  of  the  water  in  the  latter  mineral  be  regarded  as  water  of 
crystallization,  the  formula  of  kaolin  will  become  that  of 
xenolite  with  an  aluminum  atom  replaced  by  three  atoms  of 
hydrogen  ;  but  if  all  the  water  be  regarded  as  combined,  the 
statement  takes  the  following  graphic  form: 

^SiO,=Al  ^OH                        ^OH 

Al— SiO=Al  Al— SiO=Al  Al— SiO.=H. 

v,SiO=Al  \SiO  =Al                ^NSiO,=Af 

Xenolite.  Westanite.                             Kaolin. 

The  suggesti  veness  of  such  formulae  can  hardly  be  questioned, 
and  a  close  examination  of  them  will  show  that  they  also  fulfill 
the  main  purpose  of  structural  formulae;  namely,  that  they 
indicate  probaole  lines  for  fruitful  synthetic  research. 

One  more  question  may  be  included  within  the  scope  of  the 
present  paper.  What  has  become  of  the  fluorine  withdrawn 
from  the  topaz  during  the  process  of  alteration  ?  The  answer 
is  probably  not  far  to  seek.  Leached  out  from  the  topaz  in  the 
form  of  alkaline  fluorides,  it  entered  into  new  modes  of  union, 
and  these  are  represented  at  the  locality  by  the  species  fluorite, 
herderite,  triplite  and  apatite.  The  last-named  mineral  occo» 
in  small  crystals,  and  also  in  large,  dark-gre^n  masses.  As  an 
analysis  of  the  massive  apatite  was  made  by  Mr.  Whitfield,  we 
subjoin  it,  as  a  further  contribution  to  our  knowledge  of  the 
locality.  The  specific  gravity  was  3-27,  and  the  mineral  became 
colorless  on  heating. 

CaO 47-60 

MgO 6-08 

FeO 1-44 

P,0, 40-36 

CI 0-29 

,     F 6-84 

H.O 0-11 

102-72 
Deduct  oxygen 2-94 

99-78 

The  high  proportion  of  fluorine  found  in  this  analysis  was 
undoubtedly  due  to  intermixed  fluorite.  The  large  amount  of 
magnesia,  moreover,  suggests  the  desirability  of  a  careful  search 
at  the  locality  for  wagnerite. 

In  conclusion,  we  must  express  our  indebtedness  to  Mr. 
Whitfield  for  the  care  and  thoroughness  with  which  he  executed 
the  troublesome  analyses. 
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J.  —  A  notice  of  the  relation  observed  by  Dr.  Weber 
m  the  residual  elasticity  and  the  chemical  constitution  oj 
•  by  O.  T.  Sherman. 

well  known  that  the  temperature  of  a  bath,  measured 

lermometer  which  has  been  long  unused,  is  somewhat 

than  when  measured  by  the  same  thermometer  imme- 

after  it  has  been   heated  to  a  higher  temperature. 

bath  near  the  temperature  of  melting  ice  and  a  ther- 
r  previously  immersed  in  the  steam  of  boiling  water 
iression  may  amount  to  a  degree.  The  effect  varies 
e  constitution  of  the  glass  forming  the  bulb.  In  any 
e  depressions  are  capable  of  being  expressed  by  an 
c  formula  and  the  amount  may  be  calculated.  To 
le  temperature  record  independent  of  the  condition  or 
(tory  of  the  thermometer  has  proved  a  rather  complex 
I.  The  earliest  attempts,  regarding  the  depression 
r,  adopted  as  the  fundamental  distance  the  interval 
1  the  freezing  and  boiling  points  obtained  after  a  long 
1  for  the  false  position  of  the  zero,  applied  a  correction 
onal  to  the  first  power  of  the  temperature.  In  1880  it 
>wn  that  better  results  were  obtained  by  considering 
rval  between  the  fixed  points  obtained  directly  after 
as  the  fundamental  length,  and  calculating  the  position 
zero  by  a  formula  depending  upon  the  secona  power 
jmperature.  A  third  method  determines  the  errors  of 
rument  directly  after  it  has  been  heated  to  the  boiling 
ad  for  lower  temperature  uses  the  instrument  only  when 
same  condition.  To  diminish  the  uncertainties  from 
ise  the  Normal- Archungs-Commission  has  for  some 
ist  been  analytically  and  synthetically  examining  the 
tion  of  the  glass  which  gave  the  least  depression.  In 
xxxvi  of  the  "  Sitzungsberichte  der  Koniglich  Preuss- 
icademie  der  Wissenschaften  zu  Berlin,"  Dr.  Weber 
ntly  stated  as  the  first  result  of  their  work :  that  glass 

least  depression  in  which  the  ratio  of  soda  to  potash 
ih  to  soda  is  the  least.  In  a  previous  number  of  the 
iblication,  Dr.  Weber  has  given  twenty-three  analyses 
ass  together  wilh  the  observed  depression.  It  is  a  mat- 
terest  to  discuss  these  with  regara  to  the  same  point, 
following  curve  we  have  represented  the  records  of 
icles.  The  ordinates  represent  depressions  in  tenths  of 
I  centigrade,  the  abscissae,  the  ratio  of  potash  to  soda. 
1  be  seen  that  while  the  greater  portion  of  the  observa- 
ly  be  represented  by  a  smooth  curve  yet  six  or  at  least 
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five  lay  farther  from  the  lioe  tbaa  can  be  ascribed  to  error  of 
observation.  In  some  of  the  irregular  cases  the  compositioD 
of  the  glass  is  almost  identical  with  some  of  those  that  lie  on 
the  curve.  With  one  exception  the  departures  are  Iobb  thao 
the  maximum  differences  afforded  by  the  depressioos  obeerred 
by  Br.  Weber  on  a  single  thermometer.     These  latter,  tor  ex 
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ample,  amount  to  0-21°,  0'29'',  O'SS",  May  it  bo  that  for  cer- 
tain proportions  of  soda  and  potash  the  depression  beconiet 
less  regular?  The  single  remaining  exception,  the  only  cue 
where  the  depression  is  decreased,  is  unique  in  having  tbe  lime, 
soda  and  potash  in  nearly  equal  amounts.  Tbe  CommissioD 
still  continue  the  investigation. 


Abt.  LL — On  Vie  Meridional  Deflection  of  Ice-creams;  by 
W.  J.  McGee. 

I,^ — Tmk  Pme^iovbha. 

Five  Quaternary  glaciers,  averaging  eight  miles  in  length, 
flowed  down  ihe  picturesque  easterly  front  of  the  cloadnjapped 
Sierras  inio  the  broad  valley  of  Mono  lake  in  Eastern  Cali- 
fornia. The  glaciers  have  melted  away  beneath  the  witiierioi; 
winds  of  the  geologic  to-day;  but  their  magnificent  moraines 
tell  of  their  magnitude  and  of  their  movements,* 

The  lateral  moraines  of  four  of  the  glaciers  extend  &r  apon 
tbe  plain  in  which  the  lake  is  embosomed ;  while  those  of  ihe 
fifth  terminate  on  a  narrow  plateau  bounded  lakeward  by  an 

*  These  Bod  other  momitiL'n  nre  described  in  detail  by  ^[r  I.  C,  Rusnll  (ulid«r 
whose  direetioQ  they  were  oiinerved  by  the  writer),  in  hia  meoioir  oo  the  Quiltt- 
nary  history  or  Mono  Lake,  ilosigtieij  for  publicatiou  ia  the  forthcauing  Sildi 
AuuuBl  [loporl  U.  S.  Oealc^icul  Survey. 
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ring  bntte.    These  five  pairs  of  moraines  possess  the  com- 
feature  of  distal  cnrvatare  northward. 

:  the  northernmost  pair,  issuing  from  Lundy  caflon,  the 
land  (northern)  moraine  is  narrow  and  steep-sided — rising 
oth  inner  and  outer  sides  at  an  an^le  of  some  30°  to  an 
ide  of  fully  four  hundred  feet, — and  curves  northward  so 
ply  as  to  almost  follow  the  mountain-wall  in  which  the 
Q  18  excavated.  The  inner  side  of  the  right-hand  moraine 
f  steep  and  of  concentric  curvature;  but  its  summit 
nndaiating  plateau  half  a  mile  broad,  expanding,  fan- 
rttrd  its  extremity,  and  sloping  f2:ently  outwardly  and 
'toward  the  lacustral  plain  of  Mono,  into  which  it 
By  merges.  Near  its  origin  in  the  embouchure  of  the 
'tte  hignest  of  the  Quaternary  lake-terraces  encircling 
■  iisi  as  distinctly  scored  upon  the  outer  slope  of  this 
upon  the  cdntigoous  mountain-side;  but  toward  its 
iiiaiitv  the  wave-marks  become  progressively  fainter  and 
\j  obsoure.  Beyond  occur  fractured  and  contorted  lacus- 
strata  overlain  by  only  five  or  ten  feet  of  coarse  littoral 
sits,  indicating  that  the  glacier  reached  its  greatest  exten- 
just  before  the  waters  attained  their  highest  level. 

its  upper  course,  Lee^ining  caflon  is  a  deep,  narrow 
m,  but  it  expands  lakeward  and  opens  on  the  plain  in  a 
d  breach  bounded  on  the  south  by  the  isolated  butte 
nd  which  the  Gibbs  caflon  glacier  terminated ;  and  its 
lines  originate  with  the  expansion.  That  on  the  left  is 
Dw,  steep-sided,  and  sharp-crested,  and  closely  hugs  the 
bem  cafion-wall  nearly  to  the  wide  embouchure,  wnere  it 
mates  and  finally  disappears,  leaving  only  the  precipitous 
ntain-side  for  the  nortnern  confine  of  the  ancient  ice-way. 
right-hand  moraine  sweeps  about  in  a  concentric  curve 
iorly,  but  has  a  multipartite  crest,  widens  distally,  and 
riorly  sends  off  four  or  five  digitiform  radial  spurs  obvi- 
Y  the  right-laterals  of  successive  stages  in  the  develop- 
t,  repeated  oscillation,  and  final  decadence  of  the  glacier; 
e,  unlike  its  constricted  northern  fellow,  it  shuns  the 
bern  cafion-wall,  leaving  a  considerable  valley  between 
line  and  mountain-side. 

ae  moraines  issuing  from  Gibbs  caflon  are  of  consonant 
.vior:  that  on  the  north  is  compressed,  and  finally  abruptly 
inated  by  the  chasm  through  which  this  ice-stream,  in  its 
stages,  approached  and  perhaps  became  confluent  with 
deeper  Leevining  glacier;  while  a. broad  morainic  plain, 
rsified  by  half  a  dozen  obscure  radial  lobes,  forms  the  left 
al  and  occupies  the  greater  part  of  the  plateau  separating 
fining  and  Bloody  cafions.  These  moraines  record  the 
ual  shifting  of  the  periodically  oscillating  ice-stream  from 


388       McGee — Meridional  Dejlecftion  of  Ice-Streams, 

the  southern  to  the  northern  margin  of  the  plateau,  and  its  ul 
mate  coalescence,  just  before  the  final  recession  of  the  ice — wi 
its  northern  neighbor. 

Bloody  cafion  embouches  into  a  broad  bay  forming  tl 
southwestern  arm  of  Mono  valley.  Its  magnificent  moraioi 
do  not  closely  approach  either  side  of  the  bay  after  leaving  tt 
cafion  proper ;  out  their  northward  curvature  is  pronounca 
That  on  the  right  is  conspicuously  the  broader  ana  more  m& 
sive.  and  sends  ofi^  two  or  three  digitiform  lobes  analogoQ 
to  those  of  the  Leevining  and  Qibbs  moraines ;  and  midway  ( 
its  length  a  symmetric  pair  of  perfect  laterals  spring  from  it 
graceful  curve  like  the  tangent  from  its  chord,  and  ezteni 
directly  into  the  bay  nearly  as  far  as  do  their  more  receo 
homolo^ues.  Here  the  deflecting  agency  manifestly  forced  th* 
fluctuating  ice-stream  to  burst  its  old  barriers  and  build  fo 
itself  a  new  pair  of  adequate  curvature. 

The  southernmost  of  the  five  pairs  of  moraines  issues  froD 
Parker  cafion  and  extends  two  or  three  miles  upon  the  loo] 
alluvial  slope  everywhere  forming  the  periphery  of  the  plaii 
of  Mono.  They  curve  northward  more  sharpl  v  and  approacl 
the  northern  cafion- wall  more  closely  than  do  those  of  Blood] 
cafion ;  but  the  right-hand  member  does  not  so  greatly  excea 
its  fellow  in  magnitude. 

Let  it  be  clearly  understood  that  in  these  several  cases  th* 
curved  portion  is  well  without  the  cafion  proper  and  unques 
tionably  beyond  its  influence,  and  that  the  curvature,  so  far  a 
can  be  detected  by  careful  observation,  is  independent  of  if  no 
opposed  to  topographic  configuration,  whether  ancient  or  recent 

So  uniform  behavior  must  have  a  common  cause ;  and  tbii 
may  be  sought  analytically. 

11. — The  explanation  op  the  PHENO&nsNA. 

Let  an  ice-stream  flowing  east  or  west  on  a  meridional!} 
horizontal  plain  in  N.  lat.  45°  have  cross-section  Ijoundec 
above  by  the  transverse  semi-circumference  of  an  ellipse  whose 
axes  are  2  and  1  respectively ;    and  let  the  sun  be  over  the 

equator.  The  proportion  of  solai 
rays  directly  reaching  the  aoati: 
and  north  halves  respectively,  wil 
then  vary  as  a-6:6-c  (fig.  1);  or 
making  the  major  semi-axis  unity 
.    X  X       as  1-5000  to  0-6547  (=  sec.  80^- 

^^^ i ^ v\    0*5000),  since  the  secant  formec 

by  the  tangential  ray  in  such  cas< 
is  demonstrably  equal  to  the  like  function  determined  by  th< 
tangent  to  a  circular  arc  of  value  S0°.  The  relations  an 
graphically  shown  in  fig.  1. 
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The  whole  of  the  solar  energy  reaching  the  ice>8tream  will 
Dot,  however,  be  utilized  in  affecting  its  condition ; — a  consider- 
able portion  will  be  lost  by  direct  reflection ;  and  of  the 
remainder  the  discordant  (and  hence  heating)  rays  will  have 
been  in  part  absorbed  by  the  vapor  of  the  superflaitant  atmos- 
phere ;  out  the  diminution  will  be  proportional. 

Again,  an  important  share  of  the  heat  absorbed  bv  the 
glacier  will  be  derived  from  the  surrounding  air,  trova  the 
earth  beneath,  and,  by  reflection  and  radiation,  from  contigu- 
ous earth,  rocks,  hills,  eta  ;  and  this  share  will  be  pretty  nearly 
equally  distributed  over  the  entire  surfaca  If  half  the  effec- 
tive heat  reaching  the  ice  comes  from  such  sources,  the  ratio 
of  eflfeotive  energy  received  by  its  respective  halves  will  be 
reduced  to  2577S :  17820. 

Also,  the  differential  accession  of  the  two  halves  will  be 
counteracted  to  a  cx>nsiderable  but  indeterminate  extent  by 
interior  conduction.  If  the  unequal  distribution  be  thus 
dimiBished  by  a  half,  the  ratio  will  be  further  reduced  to 
28660 :  19433. 

Now,  as  empirically  shown  by  innumerable  observations,  and 
as  theoretically  indicated  by  all  plausible  hypotheses  of  glacier 
motion,  the  rate  of  movement  of  ice-streams  varies  directly 
with  the  heat-accession  or  with  some  slightly  variant  function 
of  that  element  If,  then,  in  the  assumed  case,  the  accession 
be  incompetent  to  occasion  loss  by  melting  (i.  e.,  if  on  any  sec- 
tion of  the  stream  daily  accession  equal  nightly  radiation),  all 
will  be  effective  in  producing  movement,  the  two  halves  will 
tend  to  flow  at  rates  varying  with  the  accession,  and  the  stream 
Hrill  hence  tend  to  curve  in  the  direction  of  the  slow-moving 
side. 

Such  tendency  will  be  counteracted  in  part  by  (1)  the  mobil- 
ity of  the  ice  (which  will  permit  the  southern  half  to  the  more 
readily  spread  laterally  and  to  slip 
past  the  northern  half  to  some  ex- 
tent), and  (2)  by  the  increased  fric- 
tion encountered  with  lateral  shift- 
ing of  the  stream.  Accordingly, 
the  looi  of  flow  in  the  determined 
ratio  will  lie  somewhere  without  the 
centers  of  the  respective  halves — 
perhans  at  the  extreme  edges  of 
the  glacier;  when  these  edges  will  curve  northward  in  con- 
centric arcs  of  23660  and  19438  respectively,  or  of  6698  feet 
and  4598  feet  radii  if  the  width  of  the  stream  be  1000  feet 
Such  curvature  is  shown  in  fig.  2. 

If  the  direction  of  flow  depart  from  the  parallel,  other  ele- 
ments are  introduced.    To  facilitate  their  comprehension,  let 
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the  ice-stream  be  aasamed  to  flow  north  or  soath  upon  a  plain 
horizontal  in  the  trans-meridional  direction ;   and^  as  before, 
let  the  heat  accession  be  supposed  insufficient  to  produce  melt- 
ing.   Neglecting  interception  by  clouds  (which  is  rendered 
nugatory  by  concomitant    diminution   of  diathermancy  and 
increase  of  liberation  of  latent  beat  by  condensation  of  vapor), 
insolation  on  the  two  halves  of  the  glacier  will  then  be  equal ; 
but  the  influence  of  the  thermal  energy  in  affecting  the  mobil- 
ity of  these  halves  will  become  unequal   bv  reason  of  (1)  the 
variable  condition  of  the  atmosphere,  and  (2)  the  diverse  offices 
of  the  absorbed  energy,  at  different  hours. 

The  diurnal  inequality  in  temperature  is  notable  in  most  and 
appreciable  in  all  stations  affect^  by  glaciers;  so,  in  such  sta- 
tions,  the  forenoon  is  lower  than  the  afternoon  temperature. 
In  general,  atmospheric  diathermancy  varies  inversely  with 
temperature,  and  afternoon  precipitation  predominates,  in  gla- 
ciated as  in  most  other  stations.  Accordingly,  the  solar  aooes- 
sion  of  the  east  half  of  the  assumed  ice-stream  will  be  freely 
dissipated  through  the  diathermous  forenoon  atmosphere,  while 
the  west  half  accession  will  be  not  only  conserved  by  the 
athermous  afternoon  atmosphere,  but  supplemented  by  the 
latent  heat  liberated  by  afterboon  precipitation. 

The  thermal  energy  derived  by  the  glacier  from  all  sources 
is  arbitrarily  divisible  into  two  shares  expended  respectively  in 
molecular  and  molar  work,  or  in  (1)  elevating  the  temperature 
of  the  ice  from  that  of  inter-stellar  space  to  that  of  mobility, 
and  (2)  mobilization.  During  the  forenoon  when  east  half 
insolation  predominates  the  share  of  energy  absorbed  in  molec- 
ular work  is  larger,  by  reason  of  the  lower  temperature  to  be 
overcome,  than  during  the  afternoon  when  the  west  half  faces 
the  sun.  It  follows  that  the  share  of  energy  available  in 
mobilization  during  each  day  will  be  the  greater  in  the  west 
half  of  the  glacier. 

Thus  the  west  half  of  the  meridionally-moving  ice-stream 
not  only  absorbs  more  heat  than  the  eastern  half,  but  utilizes  a 
larger  proportion  of  it  in  generating  movement;  whence  it 
must  tend  to  outrun  its  eastern  mate,  and  thus  to  originate 
eastward  curvature  of  the  stream.  Such  tendency  depends  for 
its  strength  upon  many  obscure  elements,  and  hence  cannot  be 
quantitively  expressed.  It  is  probably  slight  in  the  case  of  the 
meridional  ice-stream  and  of  progressively  diminishing  value 
as  the  direction  of  flow  approaches  the  parallel ;  but  it  cannot 
be  neglected. . 

So  many  of  the  factors  essential  in  the  foregoing  analysis  are 
indeterminate  or  variable  that  the  numeric  ratio  deduced  above 
can  only  be  regarded  as  a  vague  approximation  even  in  the 
simplest  case;    and  it  is  accordingly  needless  to  deduce  in 
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like  manner  similar  estimates  for  different  latitudes,  for  the 
several  seasons,  and  for  diverse  directions  of  flow. 

The  relation  of  the  factors  is  such,  however,  as  to  indicate 
the  general  law  that  iee'Sireams  JUnmng  upon  plains  are  deflected 
knoard  the  sides  upon  which  effective  solar  accession  is  least 

The  law  is  modified  in  its  action  by  conditions  originating 
with  the  formation  of  moraines  b^  the  ice-stream,  and  by  con- 
ditions affecting  the  origin  of  the  ice-stream  itself. 

In  nature  the  ice-stream,  after  leaving  its  parent  cafion, 
flows  not  upon  a  plain  but  in  a  trough  whose  walls  it  builds 
upon  the  plain.  IN'ow  after  its  first  formation  the  northern 
moraine  must  ever  oppose  the  tendency  to  further  deflection ; 
and  moreover,  with  the  development  of  the  moraines  the  sur- 
face of  the  stream  will  diminish  in  convexity.  In  nature,  too, 
some  melting  of  the  ice  will  surely  occur,  and  whatever  energy 
is  expended  in  liquefaction  will  be  diverted  from  mobilization  ; 
and  since  liquefaction  will  occur  chiefly  on  the  south  side,  that 
side  will  be  attenuated  and  rendered  less  competent  to  deflect 
the  stream.  For  these  four  reasons  will  the  deflection  tend  to 
fail  of  that  computed. 

If,  however,  the  northern  moraine  be  forced  outward  by  the 
impinging  ice,  the  stream  will  follow  it  and  leave  a  gash  be- 
tween ice  and  moraine  on  the  south  to  be  filled  with  supra- 
glaoial  debris ;  and  whatever  melting  and  attenuation  the  south 
dde  suffers,  will  lower  that  side,  shift  the  medial  axis  north- 
ward, and  bring  more  than  its  share  of  debris  to  the  southern 
moraine;  which  thus  for  two  reasons  will  tend  to  widen. 

But  again,  in  nature  the  ice-stream  does  not  possess  constant 
volume  and  length ;  it  alternately  expands  and  contracts,  verti- 
cally, laterally,  and  longitudinally.  In  its  contraction  both 
moraines  will  be  reinforced  by  semi-terminal  deposits  greater 
on  the  south,  but  their  status  will  otherwise  remain  unchanged. 
In  its  expansion,  however,  it  will  press  upon  both  moraines ; 
when  if  either  yield  it  will  be  the  weaker  northern  one.  Also 
the  old  channel  will  be  plowed  out  anew  ;  when,  if  the  curv- 
ing glacier  hug  its  northern  wall,  there  will  the  furrow  be 
deepest  and  the  lateral  abrasion  greatest.  •  Moreover,  the 
swelling  stream  will  eventually  overtop  its  ancient  banks  and 
discharge  on  and  over  their  summits  its  superficial  debris; 
when  that  on  the  north  will  fall  beyond  the  narrow  crest  and 
roll  down  without,  while  that  on  the  south  will  spread  itself 
over  the  already  broad-topped  ridge.  Thus  for  three  further 
reasons  will  the  meridional  deflection  tend  to  approach  that 
computed. 

Finally,  if  the  oscillating  glacier  break  out  of  its  trough,  the 
trench  will  occur  in  the  feebler  and  more  strongly  constrained 
northern  barrier. 
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Within  the  cafion  proper  two  antagonistic  elementB  enr 
work.  The  greater  number  and  extent  of  tributary  glacien 
on  the  northerly  slope  will  increase  both  ice  and  debris  thero^ 
and  thus  tend  to  deflect  the  stream  northward  and  build  up  t^  : 
southern  moraine;  while  on  the  southerly  slope  the  greater 
variability  of  temperature  will  augment  disintegration  and  the 
more  effective  reflection  and  radiation  will  accelerate  the  floir 
on  that  side,  and  thus  tend  to  deflect  the  ice-stream  southward 
and  build  up  the  northern  moraine. 

The  modifications  in  the  action  of  the  general  law  dae  to 
external  conditions  are,  accordingly,  not  such  as  to  affect  its 
validity  or  materially  reduce  its  potency. 

The  law  of  meridional  deflection  of  ice-streams  here  educed  ! 
appears  adequate  to  explain  the  commDn  curvature  of  the  i 
moraines  of  the  Sierras.  - 

February  18,  1883. 
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naw  Point,  Lake  Superior  ;  by  Chables  W  HiTTLESEr, 

Introduction. 

In  the  year  1854,  the  author  examined  the  scattered  and 
mutilated  maps  made  in  the  progress  of  mining  at  the  Phoenix  I 
location,  on  Keweenaw  Point,  Lake  Superior,  and  compiled 
from  them,  with  the  aid  of  tbe  descriptions  of  Superintendent 
Hill  and  Captain  Paul,  a  map  and  a  series  of  profile-sectioofl 
that  illustrate  the  main  features  of  the  mining  operations  pre- 
vious to  that  date.  In  an  accompanying  letter  to  Superinteo- 
dent  Hill,  under  date  of  December  27,  1854,  he  communicated 
some  discoveries  relative  to  an  ancient  and  deeply-buried 
channel  of  the  Eagle  River.  At  that  time  such  lacts  weie 
regarded  more  as  curiosities  than  as  valuable  data.  Recently, 
however,  more  attention  has  been  given  to  this  class  of  phe- 
nomena, and  all  facts  relating  to  the  ancient  drainage  systems 
are  regarded  as  having  permanent  value.  So  much  of  the 
report  as  relates  to  this  subject  is,  therefore,  now  given  to  the 
scientific  public  with  some  unimportant  modifications,  made 
for  the  convenience  of  the  reader,  who  might  not  otherwise 
readily  understand  some  of  tbe  references.  Tbe  maps  and 
sections  have  been  reduced  and  somewhat  simplified  oy  the 
elimination  of  matter  not  deemed  important  to  science. 
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SCX>yERIES   IN   THE   PROGRESS   OF   MINING   AND    INTERPRE- 
TATION OF   THE  RESULTS. 

The  papers  foand  in  the  PhcBnix  Mining  Company's  office 
Imting  to  the  working  of  their  mine  in  1846  and  1847  were 
refalTy  examined.  The  plans,  surveys,  levels  and  sketches 
*  Mr.  Martin  Coryell  were  found  to  be  very  numerous,  but 
ere  mutilated,  and  many  had  been  lost.  Without  the  per- 
»nal  explanations  made  by  Superintendent  S.  W.  Hill,  and, 
Mticularly,  those  of  Captain  Paul,  of  the  North  America 
Line,  it  would  have  been  very  difficult  to  have  made  from 
aese  fragments  a  reliable  plat,  which  should  show  the  state  of 
be  old  works.  I  did  not  ascertain  how  much  of  the  material 
hat  related  to  the  first  three  years  of  their  operations  under 
he  old  charter  was  preservea  by  the  Company's  agents  in 
ioston. 
The  works  were  so  singular  as  to  interest  every  one  acquaint- 
d  with  mines  or  mining  geology;  and  there  were,  in  those 
int  developments,  certain  facts  shown  that  were  of  economic 
alue  as  well  as  scientific  interest.  But  my  object  in  bringing 
)getber  on  one  map-sheet  the  information  left  by  Superinten- 
9nt  Coryell  was  at  first  one  of  mere  curiosity.  The  plan  and 
ctions,  which  were  thus  produced,  show,  I  think,  all  the 
aterial  features  of  the  old  works,  and  represent  them  in  very 
»rlj  their  correct  positions  and  proportiona  They  are 
ifficiently  full  and  well  explained  on  the  sheet  itself,  so  that 
tie  remains  to  be  said  in  reference  to  the  mine-work  proper. 
have  connected  with  the  plans,  such  geologic  profiles  as  are 
oeesary  to  illustrate  the  ancient  state  of  things;  and  have 
id  down  the  different  beds  of  trap  rock  which  originally 
tld  the  copper,  that  was  found  in  the  form  of  water- washed 
»wlder8. 

After  the  shaft  marked  No.  2  on  the  map  had  been  sunk  in 
e  rock  near  the  bank  of  Eagle  River,  to  tne  depth  of  62  feet, 
BTOss  cut  was  made  to  the  east  from  the  bottom  of  the  shaft 
lie  was  done  to  explore  the  ground.  To  the  great  astonish - 
ent  of  every  one,  the  miners,  at  a  distance  of  about  20  feet 
>in  the  foot  of  the  shaft  broke  through  into  sand  and  gravel. 
bis  was  82  feet  below  the  channel  of  the  river  (really  but  a 
eek,  at  this  point),  where  the  water  was  then  flowing.  It  hap- 
medy  also,  to  be  on  a  level  with  the  bottom  of  the  drift-filled 
>rge ;  so  that  the  miners  proceeded  along  its  rocky  floor  in  the 
jpe  of  further  discoveries.  A  few  feet  forward,  they  cut  the 
ick  of  a  well  defined  vein.  A  mass  of  earth,  bowlders  and 
rnyel  lay  on  either  hand  and  overhead,  and  was  so  compact 
I  to  stand  firmly  as  the  gallerv  progressed.  Captain  Paul 
links  it  remains  so  now,  although  very  little  timber  was  put  in. 
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The  general  direction  of  the  glacial  strisB  on  Point  Keweenaw 
is  from  the  northeast  towards  the  southwest,  and  therefore 
within  about  25°  of  a  perpendicular  to  the  course  of  the  ancient 
channel  of  Eagle  River,  at  the  Phoenix  Mine.  In  mo?iDg 
across  the  old  channel  the  pressure  of  the  ice  naass  was  sach 
that  the  drift  materials  were  made  nearly  as  compact  as  rock. 
Glaciated  surfaces  in  the  vicinity  reach  upward  from  the  lake 
level  to  the  top  of  the  semi-mountainous  range,  an  elevation  of 
700  to  1,000  feet,  from  which  it  appears  that  the  ice  had  a  very 
considerable  thickness. 

At  the  point  where  the  miners  happened  to  strike  the  rock 
floor  of  this  old  channel,  there  was  a  steep  rise  in  the  rock 
bottom,  on  the  right  hand  side;  and  they  followed  awhile  along 
the  foot  of  this  slope.  The  boulders  that  were  found  in  the 
**  hard  pan"  were  held  firmly  in  it,  either  by  pressure  or  by 
cement,  and  were  of  various  kinds  of  rock,  as  sandstone,  trap, 
granite,  porphyry,  etc,  the  same  as  are  common  in  the  Lake 
Superior  drift-deposits.  These  were  very  much  water- worn. 
On  the  back  of  the  vein,  and  in  its  vicinity,  there  were  rounded 
lumps,  and  grains  of  native  copper,  of  all  sizes,  some  of  them 
still  bright  and  shining. 

These  discoveries  tempted  them  on ;  and  turning  to  the  left 
or  to  the  north,  they  followed  along  the  vein.  They  were  evi- 
dently in  the  bed  of  an  ancient  stream,  the  predecessor  of  the 
Eagle  Biver,  as  it  existed  at  some  remote  period.  Along  the 
lowest  part  of  this  lay  the  vein  which  perhaps  determined  the 
course  of  the  streanu  For  about  thirty  feet  the  floor  was  not 
found  to  be  very  uneven,  but,  as  it  here  sunk  below  drainage 
level,  a  branch  gallery,  D,  was  started  obliquely  to  the  right 
At  27  feet,  in  this  direction,  the  gallery  being  entirely  in  drift, 
a  rock  face  was  struck.  The  gallery,  thus  made,  proved  to  be 
the  diameter  of  a  circular  cavity,  (marked  "Basin  No.  l,"on 
the  map)  which  was  found  to  be  17  feet  deep. 

The  miners  then  followed  around  the  rim  of  the  basin,  and 
also  descended  nearly  to  its  bottom,  taking  out  large  quanti- 
ties of  loose  copper  and  copper-bearing  gravel.  One  mass,  from 
the  level,  near  the  basin,  weighed  1,760  pounds.  This  basin 
appears  to  be  a  gigantic  pot-hole. 

On  the  northwestern  quarter  of  the  basin,  a  narrow  fissure 
was  discovered,  which  represented  the  vein ;  and  along  this  the 
miners  worked  to  the  distance  of  174  feet  from  winze  A  (see 
mapV  which  had  already  been  sunk  on  the  vein.  The  bottom 
of  tne  gallery  in  this  direction  was  not  very  uneven,  and 
descended  but  slightly  to  the  north.  The  earth  of  the  gallery 
sides  remained  firm ;  but  on  the  16th  of  November,  1846,  a 
stream  of  water  was  struck  which  discouraged  the  superinten- 
dent, and  the  work  was  abandoned. 


C.  Wha&eaey—Fre-Glacial  Ckannd  of  Eagle  River.    395 

The  stream  copper  was  found  to  lie  always  next  to  the  rock, 
nd  not  intermixed  with  the  drift  material  above.  It  was 
oUected  most  abundantly  in  the  concavities  and  irregular 
iepressions  of  the  floor,  but  it  was  not  sufficient  in  amount  to 
AT  the  expense  of  mining. 

When  it  was  abandoned,  the  gallery  had  reached  a  point 
Jmost  directly  underneath  the  bend  of  the  river,  as  shown  on 
;he  map.     On  the  surface,  directly  beyond,  was  a  face  of  rook 


iring  from  the  water  16  or  20  feet.  The  present  channel  of 
Sagle  River  below  the  bend  has  rocky  sides  and  a  rock  bottom, 
be  lowest  part  of  which  is  at  least  20  feet  higher  than  the  end 
i  the  gallery. 

These  facts  raise  the  question :  Where  did  this  ancient  ohan- 
lel  discbarge  itself?  The  river  between  shafts  numbered  2 
nd  8  has  rock  walls  on  both  sides  riRing  15  or  20  feet  high. 
Tear  abaft  No.  2,  the  east  wall  disappears  beneath  sand  and 
ravel,  which  rises  from  the  water  level  on  the  east  bank  about 
0  feet  From  shaft  No.  2,  to  the  bend,  the  rock  is  seen  in 
lace  only  on  the  west  side.  The  branches  sabseqaeiitty 
Forked  did  not  disclose  a  vertical  face  on  the  east  side,  Uke  the 
oeoD  the  west,  but  such  a  one  must  exist  somewhere  beneath 
lie  gnvel. 

On  the  north  side  of  the  creek,  at  the  bend  to  the  west,  an 
dit  A,  A,  was  driven  in  along  a  vertical  wall  corresponding  in 
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direction  to  that  of  the  west  bank,  in  the  expectation  constantly 
of  striking  the  vein.  It  kept  the  wall  on  the  left  hand  for  a 
distance  of  108  feet,  no  roct  being  found  on  the  right  or  bot- 
tom. A  cross  heading  was  then  cut  12  feet  to  the  east,  bat  no 
rock  found  in  placa  The  bottom  of  this  adit  is  about  50  feet 
higher  than  the  gallery  along  the  bed  of  the  ancient  channel, 
the  extremity  of  which  is  nearly  under  the  mouth  of  the  adit. 

Notwithstanding  the  want  of  success  in  this  direction,  the 
managers  continued  to  work  the  galleries  which  joined  at  winze 
A,  in  various  directions,  taking  out  a  large  amount  of  float 
copper,  and  of  gravel  bearing  sufficient  copper  to  pay  for  wash- 
ing. Among  this  were  found  frequently  pieces  of  native  cop- 
per and  silver  united  in  a  single  mass,  but  each  metal  in  \\& 
pure  state,'  without  alloy. 

The  bed  of  the  ancient  channel  was  found  to  descend  to  the 
north  by  offsets  or  sudden  leaps  which  were  doubtless  ancient 
falls.  In  its  bottom  were  also  pockets,  precisely  like  those  of 
the  present  channel,  where  the  descent  is  rapid  over  ripples 
and  ledges.  Captain  Paul,  who  worked  in  those  levels,  says: 
"'  No  one  could  mistake  the  cavities  and  pot*holes  for  anything 
else  than  the  action  of  running  water." 

Going  south  the  vein  was  well  defined,  both  walls  being 
visible  most  of  the  way,  and  well  charged  with  copper.  Bat 
the  loose  copper  gradually  diminished,  and  in  May,  1847,  at  a 
distance  of  260  feet  from  winze  A,  the  work  was  suspended. 

The  strata  of  trap  through  which  the  vein  passed  and  in 
which  it  bore  copper  are  as  follows:  Beginning  at  the  north,  or 
left  hand,  there  is  a  coarse  porous  bed  of  amygdaloid,  which 
Mr.  Coryell  cut  in  his  adit  at  62  feet  from  its  mouth.    This 
dips  to  the  north  at  the  usual  angle  of  26°.    Under  it  is  a  close- 
grained,  bluish-black,  compact  bed  of  trap,  about  60  feet  thick, 
which    has  a  basaltic,   or  columnar,    structure.     Underneath 
this  is  ^'  the  slide,"  which  is  so  distinctly  shown  at  the  Copper 
Falls  Mine,  west  vein,  near  shaft  No.  5.      The  bed  beneath 
"  the  slide"  is  a  rough  mass  intermediate  in  character  between  a 
breccia  and  a  conglomerate,  embracing  nodules  of  sandstone . 
and  of  scoriaceous  tufa  imbedded  in  a  dark  brown  trap.    Shaft 
No.  1,  was  sunk  in  this  bed,  which  was  found  to  carry  "shot 
copper'*  near  the  middle  of  its  mass.     Its  thickness  is  irregular, 
but,  on  an  average,  is  about  50  feet.     It  rests  on  a  bed  of 
black,  fine-grained,  compact  trap  from  80  to  100  feet  thick, 
extending  on  the  surface  from  shaft  No.  2,  to  some  100  feet 
south  of  shaft  No.  3.     This  "  black  band"  has  well-defined  faces 
and  dips  to  the  north  at  the  usual  angle.     Beneath  this  is  a  soft, 
greenish-gray  bed  of  great  thickness  in  which  the  workings  of 
the  new  company  are  principally  situated. 

The  stream  copper  lay  in  the  scoriaceous,  or  *' ash-bed,"  stra- 
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im,  and  in  the  ''  black  band*'  beneath  it.  As  these  pitch  to 
le  north  at  an  angle  of  not  more  than  25°  with  the  horizon, 
aey  pass  away  from  the  recent  works,  so  that  they  were  not 
roven  by  the  sinking  of  shaft  No.  3,  or  the  levels  connecting 
nth  it  These  beds  should  carry  copper  in  the  vein  as  they 
lescend  northward  toward  the  lake. 

There  can  be  no  doubt  that  the  river,  before  the  drift  period, 
leld  on  its  way  to  the  lake  along  the  course  of  the  vein,  and 
lid  not  then  turn  to  the  left,  as  it  does  at  present  Without 
loubt  its  bed  continued  straight  along  the  face  of  the  rock  seen 
n  the  adit  A,  A,  and  36  or  40  feet  beneath  it,  and  presented  at 
;hat  period  an  open  gorge  like  the  present  one,  only  deeper  and 
wrider.  The  whole  was  filled  up  to  the  depth  of  100  to  120 
feet,  by  the  agencies  that  brought  in  the  drift  material.  During 
the  period  next  preceding  the  drift  epoch,  and  while  the  stream 
of  water  ran  along  the  back  of  the  vein,  it  wore  away  the  vein 
matter  and  wall  rock  leaving  the  masses  of  copper  at  rest  in  its 
channel.  With  the  facts  shown  by  the  plans  and  sections  I  do 
Qot  see  how  any  other  explanation  is  applicable.  The  ancient 
channel  perhaps  had  its  discharge  at  a  lower  level  than  the 
>resent  one,  and  somewhere  to  the  northward,  either  again 
oining  the  present  course,  or  reaching  the  lake  by  a  separate 

QOQtnl 

Captain  Paul  represents  the  vein  in  the  ''sand  galleries" 
galleries  excavated  in  drift  material,  instead  of  rock]  along  its 
rhole  exposure  of  more  than  400  feet,  as  well  charged  with 
opper,  and  is  confident  that  the  same  ''  pitches*'  of  rock  carry 
opper  in  masses.  The  floor  of  the  **  sand  gallery**  is  about  175 
set  above  the  lake.  The  dip  of  the  strata  carries  the  copper- 
earing  beds  to  the  north,  as  they  descend,  about  two  feet 
orizoD tally  for  one  vertically,  or  a  distance  of  850  feet  in  the 
lepih  of  175,  i.  e.,  to  the  lake  level.  The  true  approach  to 
hese  beds  is  therefore  from  the  north  and  at  the  lowest  practi- 
able  level 


!lbt.  LUI. — Noit  on  the  Age  of  the  Slaty  and  Arenaceous  rocks 
in  the  vicinity  of  Schenectady,  Schenectady  County,  N.  Y,;  by 
&  W.  Ford. 

The  slaty  and  intersiratified  arenaceous  rocks  in  the  neighbor- 

ood  of  Schenectady,  N.  Y.,  have  usually  been  referred  to  the 

pocb  of  the  Lorraine  Shales.     They  were  considered  to  be  of 

bat  age  by  Mather,  who  gives  several  sections  of  them,  in  their 

lore  eastward  extension  along  the  valley  of  the  Mohawk,  on 

Am.  Jour.  Scl— Tbim)  Series,  Vol.  XXIX.  No.  173.— Mat,  1886. 
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page  376  of  his  Report  on  the  Geology  of  the  First  District  of 
New  York ;  and  the  same  view  appears  to  have  been  held  by 
Emmons  (Agriculture  of  New  York,  vol.  i,  pa^es  134,  13o, 
1846).  Later,  Mr.  R.  P.  Whitfield,  in  a  letter  addressed  to  Dr. 
C.  A.  White,  and  published  in  Part  I,  vol.  iv,  of  Lieut. 
Wheeler's  Reports  on  Geographical  and  Geological  Surveys  west 
of  the  100th  meridian,  considers  the  Schenectady  rocks  to  be  of 
Lorraine  age,  but  does  not  support  his  position  by  the  evidence  of 
fossils  obtained  at  that  locality.  He  also  refers  to  the  Lorraioe 
certain  "disturbed  and  nearly  vertical  layers"  occurring  in  the 
valley  of  the  Norman's  Kill,  near  Albany,  which,  he  says,  are 
lithologically  undistinguishable  from  the  rocks  at  Schenectady; 
and  places  the  Norman's  Kill  Graptolitic  beds,  which  are  met 
with  only  a  few  hundred  yards  distant,  in  the  Utica  formation. 
Mr.  Whitfield  is  quite  possibly  correct  in  considering  the  nearly 
vertical  layers  above  spoken  of  identical  with  the  Schenectady 
beds ;  but  it  by  no  means  follows  from  this  that  the  layers  are 
Lorraine,  or  that  the  Norman's  Kill  Graptolitic  beds  are  Uticja. 
The  rocks  at  Schenectady  are  nearly  horizontal,  or  with  only 
a  slight  inclination  to  the  southward,  and  continue  in  that 
position  for  three  or  four  miles  to  the  east  Not  far  from 
Rexford  flats  a  break  occurs,  and  from  that  point  all  the  way 
to  the  Hudson  the  rocks  are  greatlv  tilted.  The  break  here 
alluded  to  Dr.  Emmons  considered  identical  with  the&ultoccar- 
ring  at  Saratoga  Springs  and  Baker's  Falls ;  and  believed  it  to 
pass  somewhere  between  Albany  and  Schenectady,  and  to  be 
traceable  in  its  effects  as  far  south  as  Kingston.  It  appears  to 
hold  the  same  relation  to  the  Great  Appalachian  fault  that  the 
Montmorency  break  does  in  Canada.  I  have  never  examined 
with  care  the  slaty  rocks  directly  east  of  the  break  along  the 
valley  of  the  Mohawk  ;  but  from  the  nearly  horizontal  beSs  to 
the  west  of  it,  in  Wandell's  quarry,  a  short  distance  back  of 
Union  College,  at  Schenectady,  I  have  obtained  good  speci- 
mens of  Orapiolithus  pristis^  0,  mucronatiis  and  Triarthrus  Bedd ; 
and  from  another  quarry,  a  little  to  the  west  of  Rexford  flats,  I 
have  obtained  the  Q,  pristis^  TViarikrus  Becki^  and  a  species  of 
Lingula  which  1  consider  to  be  the  Utica  species  L.  curta.  The 
slates  and  sandstones  in  the  vicinity  of  Schenectady  are,  there- 
fore, in  my  estimation,  of  Utica  age.  I  find  that  the  arena- 
ceous layers  are  different  in  their  make-up  and  aspect  from  those 
of  the  Lorraine  that  I  have  examined,  and  more  nearly  resem- 
ble those  of  the  Utica  formation  of  Northern  New  York.  The 
rocks  are  poor  in  fossils  ;  but  fossils  nevertheless  exist,  and  may 
be  found  by  diligently  searching  for  them. 

Schodack  Landing,  X.  Y^  March  5th,  1885. 
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SCIENTIFIC     INTELLIGENCE. 
I.  Chemistry  and  Physics. 

n  the  Freezing  Point  of  Saline  solutions. — Raoult  has  con- 
his  researches  on  the  action  of  dissolved  substances  in 
ig  the  freezing  point  of  solutions,  and  has  now  given  the 
of  his  experiments  upon  salts  dissolved  in  water,  classify- 
se :  1st,  according  to  the  value  of  the  metallic  constituents, 
,  according  to  that  of  the  metalloid  or  negative  substance, 
first  series,  the  salts  are  those  of  potassium,  sodium,  ammo- 
silver,  lithium,  caesium,  and  trimethylethylammonium. 
bulated  results  show  that  different  salts  of  the  same  group, 
•ntaining  the  same  number  of  metal  atoms  in  the  molecule, 
early  the  same  molecular  depression  of  the  freezing  point. 
St  group  of  this  series,  consisting  of  salts  containing  only 
^m  of  the  monad  metal,  gives  values  for  the  molecular 
rion  varying  from  27  to  36.*  The  second  group,  the  salts 
3h  contain  two  atoms  of  monad  metal,  gives  the  value  40. 
ird  group,  in  which  three  monad  metal  atoms  are  contained 
molecule,  gives  the  value  48.  The  fourth  gives  47,  and  the 
(.  The  second  series  contains  the  salts  of  dyad  metals,  and 
lecular  depression  does  not  exceed  58 ;  the  values  being  41 
or  the  salts  of  monobasic  and  1 8  to  22  for  those  of  dibasic 
Comparing  the  two  series,  it  appears  that  whenever  in  a 
le  of  a  salt  dissolved  in  1 00  c.  c.  of  water,  one  atom  of  an 
arth  or  earth  dyad  metal  is  replaced  bv  an  equivalent 
.y  of  a  monad  metal,  the  lowering  of  the  feezing  point  in- 
by  a  nearly  constant  quantity,  viz:  about  21.  Keferring 
tter  to  equivalents,  the  author  states  his  results  in  this 
If  in  the  solution  of  an  alkali-salt,  containing  one  equivalent 
salt  in  100  c.  c.  of  water,  the  monad  metal  be  replaced  by 
ivalent  quantity  of  a  dyad  or  polyad  metal,  the  depression 
freezing  point  is  diminished  by  a  quantity  sensibly  con- 
nd  equal  to  1()'5.  With  regard  to  acids,  the  law  given  is 
»ws :  If  in  the  solution  of  a  salt  of  a  strong  monobasic  acid, 
ling  one  equivalent  of  the  acid  in  100  c.  c.  of  water,  the 
ELsic  acid  be  replaced  by  an  equivalent  quantity  of  a  strong 
acid,  a  diminution  of  the  depression  of  the  freezing  point 
rved  which  is  nearly  constant  and  approaches  14.  From 
ata  the  author  calculates  the  depression  due  to  the  separate 
s.  Thus  the  electronegative  monad  radicals,  such  as  CI, 
[,  NO3,  produce  a  partial  depression  of  20  ;  the  dyads,  as 
rO^  one  of  11 ;  the  positive  monad  radicals,  as  H,  K,  Na, 
depression  of  15 ;  and  the  polyad s,  as  Ba,  Mg,  Al,,  one  of 
3m  these  partial  values  the  molecular  depression  of  any  salt 

molecular  depression  produced  by  a  salt  is  obtained  by  multiplying  ^e 
:  of  the  f  reeziug  point  of  a  solution  containing  one  gram  in  100  c.  c.  of 
J  the  molecular  weight. 
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can  be  calculated  from  its  molecular  weight. — Ann,  Chim.  Phyt.^ 
VI,  iv,  401,  March,  1885.  g.  p.  b. 

2.    On  the  Influence  of  light  on  Chemical  Reactions,  —  Some 
time   ago   Schramm  pointed   out    that   the  action    of   bromlDe 
upon  crude  bromtoluene  or  upon  a  solution  of  parabrom-tolnene 
in  chloroform  produced  parabrombenzyl  bromide  even  at  0**  C, 
and  hence  that   the  substitution   of  an  atom  of  hydrogen  for 
bromine  in  the  lateral  chain  did  not  require  the  aid  of  heat    The 
change  takes  place,   however,  slowly  in  diffused  daylight,  and 
much  more  rapidly  in   sunlight.     The   author   has   studied  the 
phenomenon  more  closely   and  now  concludes  that  the  action  of 
light  is  essential  to  it     If  the  solution  of  bromtoluene  in  chloro- 
form is  feebly  colored  with  bromine  as  by  blowing  bromine  vapor 
through  it,  and  then  placed  in  the  dark,  no  action  whatever  takes 
place.     But  light  decolorizes  it  at  once  with  evolution  of  hydrogen 
oromide.     The  action  of  light  upon  the  broroination  of  ethylben- 
zene  is  of  particular  interest  because  not  only  is  this  hydrocarhoD 
under  these  conditions  highly  sensitive  to  the  action  of  light,  bat 
it  yields  different  substitution  products  according  to  the  intensity 
of  the  light  acting.     If   ethyloenzene  is   slightly   colored  with 
bromine,  no  decolorization  takes  place  in  the  dark;   but  it  loses 
its  color   at   once  in  daylight  or  when  exposed  to  burning  mafr. 
nesium.     If  a  molecule  of  bromine  be  made  to  act  on  a  moleeale 
of  ethyl-benzene  in  diffused  light,  a  colorless  liquid  product  is  ob- 
tained which  does  not  solidify  at  —20°.     On  distillation,  HBris 
evolved  and  a  distillate  is  obtained  between  140°  and  190°,  a  dark 
brown  residue  remaining  in  the  retort.     No  bromine   product  of 
constant  boiling  point  could  be  isolated.     The  fraction  between 
140°  and  J  60°  united  directly  with  bromine  and  solidified,  form- 
ing dibromstyrene.     The  fraction  boiling  at  180"-190°  did  not 
combine  with  bromine   and    was   probably   styrene-ethyl  ether. 
When  the  ethyl  benzene  is  treated  with  a  molecule  of  bromine  in 
direct  sunlight   the   reaction  is  violent  and  the  final  product  is 
a-phenyl-bromethyl  C^H^ — CHBr— CH,.    More  curious  still  is  the 
replacement  of  the   second  hydrogen  atom  by  bromine.     If  the 
operation  be  conducted  in  full  sunlight   the   product  is  pbenyl- 
bromacetene  O.H^ — CBr, — CH,.     While  if  diffused  daylight  only 
be  allowed  to  act  upon  it,  the  product  is  dibromstyrene  C,H,— 
CHBr— CH,Br.— J5er.  Berl  Chem,  Gee.,  xviii,  360,  Feb.,  1885. 

G.  F.  a 
3.  On  the  Salts  formed  by  Tellurium  with  Acide.  —  Eledt 
and  MoBEL  have  examined  the  compounds  formed  by  tellarinm 
with  acids  and  have  described  the  sulphate  and  the  nitrate.  Tel- 
lurous  nitrate  is  obtained  by  dissolving  finely  divided  tellarinm 
in  an  excess  of  nitric  acid  of  sp.  gr.  about  1*15  heated  to  60®. 
By  concentration  the  salt  deposits  on  cooling  in  beautiful  needles 
probably  orthorhombic.  Analysis  shows  it  to  be  a  basic  nitrate 
of  the  formula  (Te,0)^N,0^,  l^H^O.     It  is  very  easily  decom- 

Sosed  by  water  and  is  very  hygroscopic.     When  in  solution  it 
ecomposes  slowly  in  the  cold,  rapidly  at  the  temperature  of  ebol- 
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lition,  the  nitrio  acid  remaining  in  the  liquid  and  the  tellurous 
oxide  being  precipitated  as  a  nearly  white  powder.  Boiling  for 
20  minutes  completely  decomposes  it,  yielding  1*415  grams  TeO, 
from  1*698  of  the  salt.  Tellurous  sulpnate  was  obtained  by  dis- 
solving the  oxide  in  hot  sulphuric  acid  diluted  with  3  or  4  times 
its  weight  of  water.  On  evaporating  the  solution  on  a  sand  bath, 
tbe  sulphate  was  deposited  in  the  form  of  scales,  which  under  the 
magnifier  had  the  appearance  of  orthorhombic  tables.  The  ex- 
cess of  acid  was  decanted  and  the  crystals  dried  on  a  plate  of 
porous  porcelain,  the  last  trace  of  acid  being  removed  by  heating 
to  the  temperature  of  melting  lead.  Analysis  showed  this  also  to 
be  a  basic  salt  having  the  composition  (TeOJ,SO,.     It  is  decom- 

Ksed  very  slowly  by  cold  water  rapidly  and  nearly  completely 
boiling  water,  leaving  tellurous  oxide  crystallized  in  micro- 
scopic octahedrons. — Buu.  Soc.  Ch.^  II,  xliii,  198,  March,  1884. 

G.  p.  B. 

4.  On  the  Atomic  Weight  and  on  certain  Compounds  of 
Samarium. — Cl&ve  has  published  an  abstract  of  his  recent  re- 
learches  on  samarium.  He  finds  that  the  best  process  for  its 
reparation  consists  in  fractionally  precipitating  the  mixed  nitrates 
n  cold  very  dilute  solution  by  a  dilute  solution  of  ammonia. 
Samaria  concentrates  in  the  first  fractions  which  are  subjected  to 
"epeated  precipitations  until  the  absorption  s])ectrum  of  didy- 
mnm  disappears.  To  free  it  from  yttria,  etc.,  it  is  then  precipi- 
ated  by  means  of  potassium  sulphate,  which  forms  with  the 
lamaria  a  double  salt  only  slishtly  soluble  in  the  potassium 
lulphate.  As  thus  prepared  it  has  always  a  yellow  color  from 
.be  presence  of  terbia,  from  which  it  may  be  freed  by  repeated 
irecipitations  with  ammonia.  The  final  fractions  are  nearly 
¥hite.  The  atomic  weight  was  determined  from  the  weight  of 
iulphate  yielded  by  a  known  weight  of  the  oxide.  Six  determi- 
lations  gave  the  values  149-975, 149*940,  150*120,  150*045,  150*045 
md  150,000,  the  mean  of  which  is  150*021.  So  that  150  may  be 
;aken  as  the  atomic  weight  of  samarium.  The  spectrum  of  this 
element  has  been  examined  by  Thal^n  who  has  mapped  198  lines. 
[ts  remarkable  absorption  spectrum  has  been  studied  by  Soret, 
)y  Thalen  and  by  Lecocq  de  Boisbaudran.  Soret  has  shown 
;he  existence  of  bands  in  the  ultra  violet  and  Becquerel  in  the 
altra  red.  The  metal  has  not  yet  been  isolated.  The  oxide 
Sm^O,  is  a  nearly  white  powder  of  density  8  347  which  dissolves 
easily  in  acids.  Its  salts  have  a  yellow  color  like  sulphur  or  a 
brown  like  topaz.  Their  solutions  have  a  sweet  astringent  taste, 
and  are  easily  precipitated  by  oxalic  acid,  the  oxalate  being 
almost  insoluble.  Samarium  is  determined  either  as  oxide,  by 
igniting  tbe  oxalate  or  hydrate,  or  as  sulphate  which  may  be 
heated  to  a  dull  red.— Bull,  Soc.  Ch.^  II,  xliii,  162,  Feb.,  1885. 

G.    F.    B. 

5.  On  the  Purification  of  Methyl  Alcohol, — ^The  question  of 
the  production  of  iodoform  by  the  action  of  iodine  on  methyl 
alcohol  in  presence  of  alkali  hydrates  has  been  an  open  one  owing 
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to  the  difficulty  of  completely  purifying  this  alcohol.  Eyeu  when 
prepared  by  the  decomposition  of  methyl  oxalate  there  still 
remains  in  it  some  constituent  which  yields  iodoform.  Regnault 
and  ViLLEjEAN  have  now  proposed  to  effect  the  final  parificatioo 
by  the  iodoform  method  itself.  The  alcohol  prepared  from 
methyl  oxalate  has  about  one  tenth  of  its  weight  of  iodine  dis- 
solved in  it,  and  an  aqueous  solution  of  sodium  hydrate  is  added  to 
it  in  quantity  sufficient  to  produce  complete  decoloration  and 
leave  an  alkaline  reaction.  Submitted  to  6arefnl  distillation 
methyl  alcohol  is  obtained  which  when  rectified  over  caustic  lime 
has  a  specific  gravity  of  0*810  at  15°  and  which  does  not  yield 
iodoform. — Ann,  Cfiim.  Phys.^Yly  iv,  430,  March,  1 886.    g.  p.  & 

6.  On  Phenol  Coloring  Matters, — In  the  preparation  of  nitro- 
soresorcin  and  nitrosoorcin  by  the  action  of  amy!  nitrite  upon  the 
mono-sodium  salts  of  the  corresponding  phenols  and  precipitation 
with  dilute  sulphuric  acid,  Brunnbr  and  Robsbt  observed  that 
after  some  time  dark  crusts  separated  from  the  wash  waters 
which  they  at  first  took  for  azoresorcin  and  the  corresponding 
orcin  coloring  matter.  But  a  closer  examination  showed  that 
only  slight  traces  of  these  bodies  were  preMcnt,  and  that  the  mass 
consisted  essentially  of  a  new  material.  The  nitrosoresorcin 
crust  was  washed  with  water,  dissolved  in  ammonia,  filtered  and 
precipitated  with  hydrochloric  acid.  A  brown  substance  was 
thrown  down  which  ether  separated  into  a  soluble  and  an  insola- 
ble  portion.  The  former  remained  after  the  evaporation  of  the 
ether  as  a  cantharides-green  mass,  soluble  in  alkalies  with  a  blue 
violet  color,  with  a  brown  flu(»rescence,  and  soluble  in  concentra- 
ted hydrochloric  and  sulphuric  acids.  Analysis  gave  the  formula 
C,pH,^NOg.  The  authors  believe  this  body  to  have  been  produced 
by  the  action  of  the  nitrosoresorcin  upon  resorcin  itself  according 
to  the  equation  : 

HO^p  jj  _jj:o  +  H;0-C.II.OH 

0  4 

Nitroeoresorcin.        2  mol.  Resorcin.      ,.  ..      HO^  ^  ir  xt  ^O— CHOH 

=  ".^ +ho>^«"«^<o-c.h;oh 

New  coloring  matter       Ci»iHuNO». 

It  is  therefore  analogous  in  constitution  to  the  coloring  matters 
obtained    by  Kramer  from   nitrosophenol  and   nitrosoorcin,  the 

former  being  HO— CJI^N<^.w>jt*  and  the  latter 

The  residue  insoluble  in  etiier  was  dissolved  in  alcohol  and  left  on 
evaporation  a  brown  mass,  soluble  in  alkalies  with  a  dirty  violet 
color.  It  appeared  to  be  impure  and  was  not  further  examined. 
—  Ber,  Berl.  Cfieni,  Gee.,  xviii,  373,  Feb.,  1886.  G.  F.  B. 

7.  Application  of  tfie  Pendulum  to  the  determination  of  the 
mean  density  of  the  earth, — The  observations  of  Maskylenb  and 
IIuTTON  on  the  deflection  of  tlie  plummet  line  in  the  neighborhood 
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^f  Schehallien  are  affected  by  an  approximate  knowledge  of  the 
nass  and  density  of  the  attracting  mountain.  This  error  also 
iffects  the  results  of  Carlini  and  Airy  who  used  the  method  of 
wcillation  of  a  pendulum.  Generally  the  pendulum  has  been 
abandoned  for  the  torsion  balance.  Dr.  J.  Wilsing,  of  Potsdam, 
lowever,  has  revived  the  use  of  the  pendulum  for  the  purpose  of 
rei^hing  the  earth  and  shows  that  it  can  be  made  sufficiently 
eusitive  by  adjusting  the  center  of  gravity  close  under  the  axis 
f  oscillation.  An  experimental  apparatus  consisted  of  a  pris- 
latic  rod  of  thin  sheet  iron  at  the  ends  of  which  were  nxed 
?ad  balls,  each  weighing  800  grams.  The  steel  knife  edge, 
rhieb  rested  on  agate,  was  fixed  in  the  middle  of  the  rod. 
Vben  the  apparatus  was  in  equilibrium  the  axis  was  nearly 
erticaL  The  motion  was  read  by  reflexion.  When  the  position 
f  equilibrium  was  found  and  the  attracting  masses  were  placed 
ear  the  lead  spheres,  from  the  deflection  of  the  pendulum,  the 
atio  of  their  attraction  to  the  constant  of  gravitation  can  be 
letermined.  By  reversing  the  direction  of  the  deflecting  forces, 
be  action  of  the  force  can  be  doubled.  Besides  the  calculation 
)f  the  gravitation  of  the  pendulum  bob  towards  the  attracting 
aasses,  which  is  common  to  all  methods,  two  measurements  are 
lecessary — the  distance  of  the  extra  weights,  and  of  the  center  of 
he  pendulum  bobs  from  the  knife  edge.  Dr.  Wilding  believes 
hat  a  more  perfect  apparatus,  which  is  being  constructed  for  him 
)y  Repsold  of  Hamburg,  will  give  excellent  results. — Phil,  Mag,^ 
iiarcb,  1886,  pp.  219-222.  j.  t. 

8.  Method  of  studying  the  Electrical  Potential  of  the  air. — 
)1.  Pell  AT  has  discovered  in  common  with  all  who  have  used 
Thomson^s  water  dropper,  that  this  apparatus  does  not  take  the 
[>otential  of  the  air  quickly.  With  a  discharge  of  8  liters  of 
irate r  in  twelve  hours,  six  minutes  were  necessary  in  order  to 
}btain  ^  of  the  variation  of  potential ;  and  with  a  discharge  of 
12  liters,  five  minutes  were  needed  to  reduce  the  apparatus  to  the 
)otential  of  the  air.  The  slow  match  soaked  in  a  preparation  of 
ead,  sometimes  used  in  place  of  the  water  dropper,  is  less  rapid 
D  its  indications  than  the  water  dropper,  and  moreover  communi- 
at^s  its  own  potential  due  to  combustion.  This  fault  makes  its 
ise  very  undesirable  for  observations  on  atmospheric  electricity. 
tL  Pell.1t  therefore  has  been  led  to  employ  as  a  substitute  for 
,  water  dropper  a  small  gas  flame  issuing  from  a  metallic  burner 
rhich  is  insulated  from  the  ground  and  is  connected  with  an 
lectrometer.  This  burner  takes  the  potential  of  the  air  almost 
Qstantaneously.  In  order  to  study  the  electroraetric  forces  aris- 
Qg  from  the  combustion  of  different  gases,  M.  Pellat  placed  the 
;SLS  burner  inside  a  hollow  metallic  vessel,  closed  at  the  top  and 
provided  with  boles  necessary  for  draft ;  the  metallic  burner  and 
he  outside  vessel  were  connected  with  a  wire.  This  apparatus 
erves  as  a  battery,  there  being  an  electromotive  force  developed, 
rhich  depends :  1.  Upon  the  nature  of  the  gas  which  is  burned ; 
!.  Upon  the  nature  of  the  metal  of  the  burner,  and  3.  Upon  the 
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nature  of  the  metal  which  conBtitutes  the  internal  surface  of  the 
surrounding  vessel. —  Comptes  Hendus^  No.  10,  March  9,  1885,  pp. 
736-737.  J.  T. 

9.  Measurement  of  Ma^etic  Force  by  hydrostatic  pressure,— 
Magnetic  fluids  under  the  influence  of  magnetic  force  show  a  pres- 
sure perpendicular  to  the  magnetic  lines  of  force,  which  is  ex* 

pressed  by  the  equation  /)=— H',  in   which  H  is  the  strength 

of  the  magnetic  field,  and  K  is  a  diamagnetic  constant  The  dia- 
magnetic  constant  for  atmospheric  air  is  1.  When  a  magnetic 
fluid  is  surrounded  by  air,  the  difference  of  the  magnetic  pressure 
in  the  fluid  and  the  air  can  be  balanced  by  a  hydrostatic  pretisure 
and  can  be  measured  by  K— 1.  G.  Quincke  contributes  a  volumi- 
nous article  on  measurements  of  this  character  to  the  Annalen  der 
Physik.  The  paper  contains  many  tables  of  the  results  of  meas- 
urement. The  paper  also  contains  tables  of  the  quantity  which 
G.  Wiedemann  has  termed  Atom  Magnetism. — Ann,  der  Physik 
und  Chemie.  No.  3,  1886,  pp.  347-416.  j.  t. 

10.  ^  Selenium  Actinometer, — For  the  purpose  of  measuring 
the  relative  intensities  of  sunlight  at  different  heights  above  the 
horizon,  M.  H.  Mokige  has  employed  a  selenium  cell  similar  to 
that  invented  by  Mr.  Graham  Bell.  Thirty-eight  discs  of  copper 
are  insulated  from  each  other  by  discs  of  mica  of  smaller  radios; 
the  groove  thus  formed  is  filled  with  selenium  by  being  robbed 
with  a  rod  of  this  substance.  The  cylinder  being  suitably  heated, 
this  selenium  is  ready  for  use.  The  even  numbers  of  copper  are 
connected  by  one  conductor  and  the  odd  numbers  by  another. 
The  selenium  cylinder  is  insulated  by  glass  supports  in  the  in- 
terior of  a  glass  cylinder  which  is  exhausted.  The  apparatus  is 
placed  high  enough  to  avoid  the  light  reflected  from  neiehboring 
objects  and  the  axis  of  the  cylinder  is  placed  parallel  to  the 
earth's  axis.  A  constant  current  is  passed  through  the  seleninm 
cells,  and  the  instrument  is  calibrated  by  making  measurements 
at  first  in  a  perfectly  dark  room. —  Comptes  HenduSy  Feb.  2, 1885, 
pp.  271-272.  J.  T. 

11.  Measurement  of  the  Force  of  Gravity  at  Naha  and 
Kagoshima^  Japan. — Messrs.  S.  Sakai  and  E.  Yamaguchi 
have  conducted  a  series  of  pendulum  observations  with  the  object 
of  obtaining  the  data  for  a  comparison  of  the  acceleration  due  to 
the  force  of  gravity  at  Naha  (Okinawa)  in  the  Loo  Choo  Islands 
with  that  at  rokio.  The  methods  followed  were  essentially  those 
followed  by  Mendenball  in  his  observations  on  Fujinoyama  (see 
this  Journal,  xx,  124;  xxi,  99).  Experiments  were  also  made  by 
the  party  at  Kagoshinia  on  their  way  to  Naha.  The  results  ob- 
tained in  c.g.s.  units,  as  the  mean  of  independent  series  with  tvo 
pendulums  were : 

For  Naha,  /7=9'r9-165±00055 

For  Kagoshima,  g=  979-661  ± 00057 

Both  values  are  somewhat  greater  than  those  deduced  from  the  usual 
formula.     Mendenhall  obtained  for  Tokio  ^=979-864it0'0044. 
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12.  A  Method  of  Measuring  the  Absolute  SeneUiveneai  of 
^hotoffraphic  Dry  Plates^*  by  William  EL  Pickbbibtg. — Within 
be  last  few  years  the  sobjeot  of  dry  plate  photography  has  in- 
reased  very  rapidly,  not  only  in  general  popularity,  but  also  in 
mportance  in  regard  to  its  applications  to  other  departments  of 
cienee.  Numerous  plate  manufacturers  have  sprung  up  in  this 
onntry  as  well  as  abroad,  and  each  naturally  claims  all  tne  good 
jualities  for  his  own  plates.  It  therefore  seemed  desirable  that 
ome  tests  should  be  made  which  would  determine  definitely  the 
alidity  of  these  claims,  and  that  they  should  be  made  in  such  a 
lanner  that  other  persons  using  instruments  similarly  constructed 
^ould  be  able  to  obtain  the  same  results. 

Perhaps  the  most  important  tests  needed  are  in  regard  to  the 
msiti  veness  of  the  plates.  Most  plate  makers  use  the  wet  plates  as 
leir  standard,  giving  the  sensitiveness  of  the  dry  plates  at  from 
vo  to  sixty  times  greater;  but  as  wet  plates  vary  quite  as  much 
\  dry  ones,  depending  on  the  collodion,  condition  of  the  bath, 
x^.,  this  system  is  very  unsatisfactory.  Another  method  em- 
loyed  largely  in  England,  depends  on  the  use  of  the  Wamerke 
(DBitoraeter.  In  this  instrument  the  light  from  a  tablet  coated 
ith  luminous  paint  just  after  being  exposed  to  a  magnesium 
ght,  is  permitted  to  shine  through  a  colored  transparent  film  of 
raduated  density  upon  the  plate  to  be  tested.  Each  degree  on 
16  film  has  a  number,  and,  after  a  given  exposure,  the  last  num- 
er  photographed  on  the  plate  represents  the  sensitiveness  on  an 
npirical  scale.  There  are  two  or  three  objections  to  this  instru- 
lent.  In  the  first  place,  the  light-giving  power  of  the  luminous 
kblet  is  liable  to  variations,  and,  if  left  in  a  warm,  moist  place,  it 
ipidly  deteriorates.  Again,  it  has  been  shown  by  Captain 
.bney  that  plates  sensitized  by  iodides,  bromides  and  chlorides, 
hich  may  be  equally  sensitive  to  white  light,  are  not  equally 
iected  by  the  light  emitted  by  the  paint ;  the  bromides  being 
le  most  rapidly  darkened,  the  chlorides  next,  and  the  iodides 
ast  of  all.  The  instrument  is  therefore  applicable  only  to  test- 
ig  plates  sensitized  with  the  same  salts. 

In  this  investigation  it  was  first  shown  that  the  plates  most 
msitive  for  one  colored  light  were  not  necessarily  the  most  so 
ir  light  of  another  color.  Therefore  it  was  evident  that  the  sun 
lOSt  be  used  as  the  ultimate  source  of  light,  and  it  was  concluded 
)  employ  the  light  reflected  from  the  sky  near  the  zenith  as  the 
irect  source.  6ut  as  this  would  vary  in  brilliancy  from  day  to 
ly,  it  was  necessary  to  use  some  method  which  would  avoid  the 
nployment  of  an  absolute  standard  of  light.  It  is  evident  that  we 
ay  escape  the  use  of  this  troublesome  standard,  if  we  can  obtain 
>nie  material  which  has  a  perfectly  uniform  sensitiveness.  For  we 
ay  then  state  the  sensitiveness  of  our  plates  in  terms  of  this 
ibstance  regardless  of  the  brilliancy  of  our  source.  The  first 
aterial  tried  was  white  filter  paper,  salted  and  sensitized  in  a 
audard  solution  of  silver  nitrate.     This  was  afterward  replaced 

*  From  the  Proceedings  of  the  Academy  of  Arts  and  Sciences. 
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by  powdered  silver  chloride,  chemically  pare, — ^wbich  was  found 
to  be  much  more  sensitive  than  that  made  from  the  commerciil 
chemicals.     This  powder  is  spread  out  in  a  thin  layer,  in  a  long 
paper  cell,  on  a  strip  of  glass.     The  cell  measures  one  centimeter 
oroad  by  ten  in  length.     Over  this  is  laid  a  sheet  of  tissue  paper 
and  above  that  a  narrow  strip  of  black  paper,  so  arranged  as  to 
cover  the  chloride  for  its  full  length  and  half  its  breadth.    These 
two  pieces  of  paper  are  pasted  on  to  the  under  side  of  a  narrow 
strip  of  glass  which  is  placed  on  top  of  the  paper  cell.    The 
apparatus  in  which  the  exposures  are  made  consists  of  a  box  a 
little  over  a  meter  in  length,  closed  at  the  top   by  a  board,  in 
which  is  a  circular  aperture  16*8  cm.  in  diameter.     Over  this 
board  may  be  placed  a  cover,  in  the  center  of  which  is  a  hole  *a5 
cm.  in  diameter,  which  therefore  lets  through  -00001  as  mncb 
light  as  the  full  aperture.     The  silver  chloride  is  placed  at  a  dis* 
tance  of  just  one  meter  from  the  larger  aperture,  and  over  it  is 
placed  the  photographic  scale,  which  might  be  made  of  tinted 
gelatines,  or,  as  in  the  present  case,  constructed  of  long  strips  of 
tissue  paper,  of  varying  widths,  and  arranged  like  a  flight  of 
steps;  so  that  the  light  passing  through  one  side  of  the  scale 
traverses  nine  strips  of  paper,  while  that  through  the  other  side 
traverses  only  one  strip.     Each  strip  cuts  off  about  one  sixth  of 
the  light  passing  through  it,  so  that,  taking  the  middle  strip  as 
unity,  the  strips  on  either  side  taken  in  order  will  transmit 
approximately, — 


1 

2 

3 

4 

5 

6 

7 

8 

9 

20 

1-65 

1-4 

1-2 

1-0 

•86 

•7 

•6 

•5 

The  instrument  is  now   pointed  toward  the  zenith  for  about 
eight  minutes,  on  a  day  when  there  is  a  bright  blue  sky.    On  tak- 
ing the  apparatus  into  the  dark  room,  and  viewing  the  impression 
by  gas-light,  it  will  be  found  that  the  markings,  which  are  quite 
clear  at  one  end,  have  entirely  faded  out  by  the  time  the  middle 
division  is  reached.     The  last  division  clearly  marked  is  noted. 
Five  strips  cut  from  sensitized  glass  plates,  ten  centimeters  long 
and  two  and  a  half  in  width,  are  now  placed  side  by  side  under 
the  scale,  in  the  place  of  the  chloride.     By  this  means  we  can  test, 
if  we  wish,  five  different  kinds  of  plates  at  once.     The  cover  of 
the  sensitometer  containing  the  '05  cm.  hole  is  put  on,  and  the 
plates  exposed  to  sky  light  for  a  time  varying  anywhere  between 
twenty  seconds  and  three  minutes,  depending  on  the  sensitiveness 
of  the  plates.     The  instrument  is  then  removed  to  the  dark  room, 
and  the  plates  developed  by  immersing  them  all  at  once  in  a  solu- 
tion consisting  of  four  parts   potassium  oxalate,  and  one  part 
ferrous  sulphate.     After  ten  minutes  they  are  removed,  fixed  and 
dried.      Their   readings    are   then    noted,    and    compared   with 
those  obtained  with  the  silver  chloride.     The  chloride  experiment 
8  again  performed  as  soon  as  the  plates  have  been  removed,  and 
the  first  result  confirmed.     With  some  plates  it  is  necessary  to 
make  two  or  three  trials  before  the  right  exposure  can  be  found, 
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he  image  disappears  anywhere  between  the  second  and 
livisions,  a  satisfactory  result  may  be  obtained, 
lates  were  also  tested  using  gas-hght  instead  of  daylight, 
iase  an  argand  burner  was  employed  burning  5  cubic  ft.  of 
hour.  A  diaphragm  1  cm.  in  diameter  was  placed  close 
lass  chimney,  and  the  chloride  was  placed  at  10  cm.  dis- 
nd  exposed  to  the  light  coming  from  the  brightest  part  of 
le,  for  ten  hours.  This  produced  an  impression  as  far  as 
i  division  of  the  scale.  The  plates  were  exposed  in  the 
leter  as  usual,  except  that  it  was  found  convenient  in  sev- 
3S  to  use  a  larger  stop,  measuring  '316  cm.  in  diameter. 
oUowing  table  gives  the  absolute  sensitiveness  of  several 
)est-known  kinds  of  American  and  foreign  plates,  when 
ed  with  oxalate,  in  terms  of  pure  silver  chloride  taken  as 
ird.  As  the  numbers  would  be  very  large,  however,  if 
ride  were  taken  as  a  unit,  it  was  thought  better  to  give 
even  hundred  thousands. 

Sensitivkness  or  Plates. 

Plates.  Dayliffht.    Gat-Uffbt. 

Carbutt  Transparency '7 

Allen  andRowell 1*3  150 

Richardson  standard 1*3  10 

Marshall  and  Blair 2*7  140 

Blair  Instantaneous 3*0  140 

Carbutt  Special 40  20 

Monroe 4-0  25 

Wratten  and  "Wainwright 40  10 

Eastman   Special 5*3  30 

Richardson   Instantaneous 5*3  20 

Walker  Reid  and  IngUi 11*  600 

Edwards 11-  20 

Monckhoven 16*  120 

Beebe 16-  20 

Cramer 16'  120 

1  be  noted  that  the  plates  most  sensitive  to  gas-light  are 
leans  necessarily  the  most  sensitive  to  daylight ;  in  sev- 
ances,  in  fact,  the  reverse  seems  to  be  true. 
»uld  be  said  that  the  above  figures  cadnot  be  considered 
til  each  plate  has  been  tested  separately  with  its  own 
Br,  as  this  would  undoubtedly  have  some  influence  on  the 
ult. 

while  two  or  three  interesting  investigations  naturally 
themselves:  to  determine,  for  instance,  the  relative 
I  of  blue  sky,  haze  and  clouds ;  also,  the  relative  ex- 
proper  to  give  at  different  hours  of  the  day,  at  different 
of  the  year,  and  in  different  countries.  A  somewhat  pro- 
*esearch  would  indicate  what  effect  the  presence  of  sun- 
ad  on  solar  radiation, — whether  it  was  increased  or 
led. 
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II.  Geology  and  Minebalogy. 

1.  Glacial  deposits  of  Central  North  America  in  the  Vtcini 
of  the  Bow  and  Belly  Rivers,  Canada;  by  George  M.  Dawso: 

JGeol.  Rep.  Canada,  1882-84). — The  facts  here  presented  by  M 
)aw8on  are  of  great  interest  in  their  bearing  on  the  glacial  hi 
tory  of  the  continent.  The  region  especially  described  is  ju! 
north  of  the  United  States  boundary,  between  the  meridians  < 
1  lO*"  W.  and  116*  W.,  and  about  15°  of  longitude  west  of  Wine 
peg.  The  surface  rocks  are  of  the  Cretaceous  and  Laramie  seriei 
and  on  its  western  border,  in  longitude  115°,  the  Rocky  Moui 
tain  country  commences  and  the  rocks  change  to  Paleozoic- 
the  Carboniferous  and  Devonian  formations  overlying  th 
Cambrian — without  any  crystalline  rocks.  Drift  covers  th 
whole  region,  and  averages  at  least  100  feet  in  thickness.  It  coi 
sists  of  (1)  a  lower  bowlder  clay  resting  on  quartzyte  shingle;  (2 
an  interglacial  deposit  with  peat ;  (3)  upper  bowlder  clay,  abov 
which  are  stratified  sands,  gravels  and  silts.  The  lower  Dowlde 
clay  in  the  section  given,  80  feet  thick,  contains  a  *^  variable  ani 
often  very  considerable  proportion  of  Laurentian  and  Huroniai 
erratics,"  or  material  from  the  eastern  water-shed,  along  wit 
quartzyte  fragments  from  the  Rocky  Mountains  on  the  west,  an* 
sandstone  from  the  Cretaceous  and  Laramie.  The  interjflacia 
beds  in  the  same  section  (at  Wolf  Island),  are  18  feet  thick,  i^ 
the  upper  bowlder  clay,  having  traces  of  stratification,  40  feel 
Moraines  are  also  described  as  occurring  along  the  base  of  th 
Rocky  Mountains,  and  the  Bow  River  valley  as  holding  a  glacie 
of  larger  size  than  any  elsewhere  originating  in  the  mountains  c 
the  district. 

Mr.  Dawson  observes  also  that  south  of  the  49th  parallel  th 
country  from  Fort  Benton,  on  the  Missouri  along  the  MacLeo 
trail,  is  all  more  or  less  thickly  strewn  with  Laurentian  erratic, 
Quartzyte  material  from  the  liocky  Mountains  is  most  abundat 
south  of  the  Morris  River,  but  with  it  are  granites,  gneisses  an 
other  Laurentian  and  Muronian  rocks  from  the  eastward ;  sora 
at  a  height  of  4,390  feet ;  20  miles  north  of  49°,  at  6,280  feel 
near  the  intersection  of  the  113th  meridian  and  the  49th  pai-alli 
at  4,200 ;  one  Huronian  bowlder  near  the  lower  part  of  Wate 
town  River,  3,200  to  3,300  feet  in  elevation  above  the  sea,  mea 
uring  42X40X20  feet,  and  another  42X30X22,  and  consequent) 
exceeding  a  thousand  tons  in  weight. 

Mr.  Dawson  presents  the  following  views  with  regard  to  i\ 
mode  of  glaciation  of  the  region. 

"Apart  from  the  local  glaciers  of  the  Rocky  Mountains,  it 
evident  that  the  glaciation  has  been  accomplished  by  some  agei 
moving  westward  or  southwestward  from  the  Laurentian  ax 
which  bounds  the  region  of  the  Great  Plains  to  the  east.  Th 
agent  has  carried  with  it  great  quantities  of  Laurentian  ar 
Huronian  material,  which  in  the  vicinity  of  the  49th  parall 
reaches  at  its  extreme  limit  a  point  over  700  miles  distant  fro 
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est  exposures  of  the  parent  rock,  and  to  an  elevation 
m  twice  as  great  as  that  attained  by  any  part  of  the 
an  area.  To  explain  this  latter  fact  it  seems  now  almost 
^hat  we  must  assume  that  the  western  region  was,  in 
imes,  relatively  to  the  Laurentian  area  more  depressed 
)resent.  As  I  have  elsewhere,  in  the  publications  before 
to,  discussed  at  some  length  the  question  whether  a 
•r  floating  ice  best  accounts  for  the  facts,  it  is  not  here 

I  to  recapitulate  the  arguments.  Two  theories  only, 
,  seem  tenable.     Either  a  great  confluent  glacier,  occupy- 

Laurentian  highlands  or  passing  over  them  from  the 
s  Bay  region,  stretched  contmuously  to  the  slopes  of  the 
fountains,  or  such  a  glacier,  extending  but  a  limited  dis- 
om  these  highlands,  supplied  numerous  and  massive  ice- 
lich  floated  in  a  great  mland  sea  occupying  the  present 
of  the  plains. 

II  believe  that  the  latter  supposition  best  accounts  for  the 
;he  glaciation  and  glacial  deposits  of  the  plains.  I  would, 
,  point  out  one  circumstance  which  seems  to  give  some 
the  former  hypothesis.     This  is  the  existence  of  a  number 

oldy  ahandoiied  water-channels^  which  may  be  supposed 
heory  to  have  carried  the  drainage  of  the  country,  and 
oduced  by  the  melting  of  a  great  glacier  of  the  kind  im- 
und  its  front  at  diflerent  periods  in  its  retreat.  The 
)  of  these  I  am  unable  otherwise  satisfactorily  to  explain, 
n  the  supposition  of  considerable  relative  changes  of  level 
ent  parts  of  the  district  in  post-glacial  times.  Mr. 
Upham  has  lately  traced  a  number  of  such  channels  in 
[hypothetically  extending  his  reasoning  also  to  western 
a),  for  which  he  accounts  by  the  flrst-mcntioned  or  great- 
heory. 

le  southern  part  of  the  district  of  the  present  report,  and 
,rly  in  the  country  south  of  the  Belly  River,  great  old 

of  the  kind  above  referred  to  are  displayed  in  a  very 

manner  in  Verdigris,  Etzi-kom,  Pa-kow-ki  and  Chin 
and  their  tributaries.  These  resemble  old  river  valleys 
ised  and  now  carrying  little  or  no  water.  I  am  inclined 
I  them  as  a  portion  of  the  earliest  drainage  system  of  the 
utlined  at  the  time  at  which  the  waters  which  distributed 
ified  materials  overlying  the  bowlder-clays  flrst  subsided, 
n  the  rainfall  of  the  region  was  considerably  greater  than 
It.  That  these  first  channels  have  not,  in  the  particular 
he  region  now  referred  to,  continued  to  be  the  drainage- 

of  the  country  is  perhaps  in  part  due  to  the  much 
depth  and  importance  rapidly  attained  by  the  valleys 

copious  and  perennial  streams  derived  from  the  moun- 

le  entire  obliteration  of  the  original  southeastward  slope 
alleys  of  Verdigris  and  Pa-kow-ki  Coulees,  and  other 
circumstances  referred  to  in  a  previous  part  of  this 
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report  (p.  14  c),  in  connection  with  their  present  aspect  of  Milk 
River,  as  well  as  in  several  local  details  respecting  the  reUtiong 
of  the  present  drainage  and  the  old  channels,  we  appear  to  &id 
evidence  of  a  greater  amount  of  elevation  of  the  southern  as  com- 
pared  with  the  northern  part  of  the  district J^  So  far  as  it  has 
affected  these  old  drainage-channels  this  must  have  occurred  in 
immediately  post-glacial  times,  and  may  have  been  a  continuation 
of  the  same  process  which  has  resulted  in  the  present  much 
greater  elevation  of  erratics  in  the  southern  as  compared  with  the 
northern  part  of  this  region. 

"Unless  explained  by  relative  differences  in  level  during  the 
Glacial  period,  such  as  those  above  suggested,  between  the  Bow 
River  country  and  that  near  the  49th  parallel,  the  absence  of 
Laurentian  erratics  over  the  region  west  of  Calgary  can  be  tjy 
counted  for  only  by  the  existence  of  Rocky  Mountain  glaciers  of 
sufficient  size  in  this  region  to  fend  off  the  eastern  glaciating 
agent.  It  is  not  improbable  that  such  glaciers  obtained,  and  if 
they  can  be  proved  to  have  existed,  it  would  also  prove,  in  the 
most  convincing  way,  the  approximate  contemporaneity  of  action 
of  the  glaciating  agents  of  the  Rocky  Mountains  and  Laurentitn 
region.  It  is  certain,  however,  that  the  glaciers  of  the  mountaini 
had  somewhat  decreased  before  at  least  tne  final  period  of  di8pe^ 
sion  of  Laurentian  erratics,  for  these  have  been  found  overlying 
distinct  morainic  material  of  Rocky  Mountain  origin. 

"  That  the  elevation  of  the  western  as  compared  with  the  eastern 
part  of  the  plains,  was  relatively  much  less  in  Glacial  times  than 
at  presenty  seems  a  reasonable  supposition,  but  must  be  regarded 
no  longer  as  merely  an  hypothesis,  for  the  position  of  the  inter- 
glacial  materials  in  the  bowlder-clay  offers  a  strong  positive  argu- 
ment in  its  favor.  It  must  be  supposed  that  these  beds,  from 
their  finely  stratified  character  and  evidences  of  tranquil  deposit, 
were  laid  down,  not  along  the  gradually  retreating  edge  of  a  lake, 
but  in  the  bottom,  and  at  depths  not  very  considerable.  This 
being  the  case,  the  deposits  give  us  the  means  of  recognizing  a 
surface — that  of  the  lake  bottom — which  was  at  least  proximately  ' 
horizontal  during  the  interglacial  period  at  which  they  were 
formed.  From  Wolf  Island  to  Coal  Banks,  the. two  points 
farthest  apart  at  which  the  deposits  were  observed,  is  a  distance 
of  forty-five  miles  in  a  direct  line,  on  a  bearing  of  about  S.  70^  W. 
The  height  above  the  river  of  the  deposits  at  the  former  locality 
ia  seventy  feet,  at  the  latter,  one  hundred  and  ^\e  feet,  giving  a 
slope  eastward  of  0-77  feet  per  mile  in  addition  to  that  of  the 
present  river  bed.  The  latter  may  be  assumed  as  indicating  that 
of  the  present  surface  of  the  country,  as  a  whole. 

*'  The  elevation  of  the  beds  in  the  intermediate  Drift-wood  bend 
section  is  about  ninety-si*K  feet,  but  the  locality  is  only  about  six 
miles  westward  on  the  same  line,  and  the  resulting  slope  per  raile 
is  4-3  feet,  in  addition  to  that  of  the  river,  in  the  same  easterly 
direction,  a  rate  of  fall  locally  much  greater  than  that  above 
determined  for  the  whole  distance. 

*  See  also  Geology  aud  Resources  of  the  49th  Parallel,  p.  264, 
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**  The  rate  of  fall  of  the  Belly  River,  by  its  course,  between  Coal 
Sanks  and  its  mouth,  is  6*8  feet  to  the  mile,  but  on  the  line  above 
lefined  (which  is  that  of  its  general  direction)  between  Wolf 
[sland  and  Coal  Bank,  12  feet  to  the  mile.  Adding  the  general 
dope  previously  ascertained  for  the  intercalated  beds,  we  find 
;heir  eastward  inclination  to  be  12*77  feet  to  the  mile. 

*^  The  general  eastward  slope  of  the  plains  from  the  base  of  the 
moantaius  to  that  of  the  Laurentian  region  at  Lake  Winnipeg  is 
about  5  feet  to  the  mile,  but  the  elevation  increases  more  rapidly 
westward  and  in  the  region  now  considered ;  and  if  the  interca- 
lated  beds  referred  to  were  again  brought  back  to  horizontalitv, 
Uie  plains  between  the  mouth  of  the  Belly  River,  and  Coal  Banks 
woold  become  nearly  horizontal  also.^ 

^  Besides  the  effect  of  the  glaciation  of  the  country  on  its  soils 

and  general  features,  a  further  result  of  economic  importance  in 

connection  with  this  penod  is  the  distribution  of  gold.      Dr. 

Selwyn  in  1 874f  expressed  the  belief,  based  on  an  examination  of 

the  conntry  near  Edmonton,  that  the  gold  found  in  the  rivers  of 

the  Great  Plains  has  been   derived   from   the  Laurentian  arid 

Huronian  region  to  the  east,  and  not  from  the  Rocky  Mountains. 

The  facts  met  with  in  the  district  now  reported  on,  conclusively 

prove  the  correctness  of  the  above  statement.     In  favorable  spots 

on  all  the  streams  of  which  the  banks  and 'beds  show  abundance 

of  Laurentian  and  Huronian  Drift,  fine  gold  may  be  obtained, 

while  beyond  the  edge  of  this  drift  in  the  immediate  vicinity  of 

the  monntains,  I  have  never  been  able  to  detect  a  '  colour.^  " 

2.  Elep?iarU  JPipes  in  the  Museum  of  Natural  Sciences^ 
Davenport^  lowa^  by  Chables  E.  Pittnam.  40  pp.  Bvo,  1886. 
Davenport. — ^This  address,  by  the  President  of  the  Davenport 
Academy  of  Natural  Sciences,  was  called  forth  especially  by 
expressions  of  disbelief  with  regard  to  accounts  of  the  discovery 
of  **  elephant  pipes  "  of  soft  sandstone  and  "  inscribed  tablets  "  in 
Indian  Mounds  of  Iowa,  published  in  the  Proceedings  of  the 
Academy.  Mr.  Putnam  makes  the  following  statements  with 
re^rd  to  the  finding  of  these  objects. 

The  discoveries  in  question  are  two  elephant  pipes  and  three 
inscribed  tablets.  Of  the  latter  the  first  two  were  found  in  what 
18  known  as  Mound  No.  3,  on  the  Cook  farm,  adjoining  the  city 
of  Davenpoil.  The  principal  discoverer  was  Rev.  Jacob  Gass,  a 
XiOtberan  clergyman,  then  settled  over  a  congregation  in  Daven- 
port, In  this  exploration  Mr.  Gass  was  assisted  by  L.  H.  Will- 
rodt  and  H.  S.  Stoltzenau,  with  five  other  persons  who  were  acci- 
dentally present  during  the  opening  of  the  mound.  The  discov- 
ery was  made  on  January  10th,1877.     An  exact  and  careful  state- 

^  In  the  region  west  of  the  Missouri,  the  present  inclined  position  of  the  Plio- 
cene beds  shows  that  since  the  time  of  their  disposition  that  part  of  the  region  in 
tiM  vicinity  of  the  Rocky  Mountains  has  been  greatly  elevated.  It  may  well  be 
that  the  eastward  slope  of  the  portion  of  the  plains  here  treated  of  may  have  been 
prodooed  as  a  result  of  the  same  great  movement,  and  if  so  the  facts  above 
recorded  would  assign  it  a  date  subsequent  to  that  of  the  glacial  period. 

t  Report  of  Progress,  1873-74,  p.  58. 
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ment  of  the  facts  connected  therewith  was  soon  after  prepared  by 
Rev.  Mr.  Gass,  and  read  at  an  early  meeting  of  the  Davenport 
Academy.  It  was  published,  and  may  be  found  in  its  '^  ProceM- 
ings."*  Upon  the  announcement  of  the  discovery,  the  officen 
and  many  members  of  the  Academy  were  early  on  the  ground  to 
verify  the  statements  made  by  the  discoverers.  The  gentlemen 
engaged  in  the  exploration  are  well  known,  and  held  in  high 
esteem  ;  their  testimony  as  to  all  essential  facts  is  clear  and  con- 
vincing, and  the  circumstances  narrated  seem  to  fully  establish 
the  genuineness  of  these  relics.  That  their  statement  contains 
only  facts  all  who  know  them  will  not  questioii,  and  that  the 
mound  frbm  which  the  relics  were  obtained  had  not  been  pre- 
viously disturbed  is  sufficiently  established  by  their  testimony. 
The  authenticity  of  this  discovery  must  therefore  be  conceded  by 
every  fair-minded  inquirer. 

The  third  inscribed  tablet  was  found  on  January  dOth,  1878,  in 
Mound  No.  11,  in  the  group  of  mounds  on  Cook's  farm,  in  the 
suburbs  of  Davenport,  and  in  close  proximity  to  the  moand 
wherein  the  other  tablets  were  discovered.  That  indefatigable 
explorer,  Rev.  J.  Gass,  was  also  present  during  these  further 
researches,  and  had  for  his  assistants  John  Hume,  and  Charles  E. 
Harrison,  both  members  of  the  Academy,  aud  well  and  favorably 
known  in  this  communrity.  The  circumstances  of  this  discovery, 
as  narrated  by  Mr.  Harrison,  are  published  in  the  Proceedings  of 
the  Academy.f  No  suspicions  whatever  attach  to  this  discov^, 
and  the  well-attested  facts  connected  therewith  establish  beyond 
reasonable  doubt,  that,  whether  more  or  less  ancient,  the  tablet 
was  deposited  at  the  making  of  the  mound. 

Of  the  elephant  pipes  in  the  museum  of  the  Academy,  onl  was 
discovered  in  March,  1880,  in  a  mound  on  the  farm  of  Mr.  P.  Hass, 
in  Louisa  County,  Iowa,  by  Rev.  A.  Blumer,  a  Lutheran  Clergy- 
man from  a  neighboring  city,  and  was  by  him  donated  to  the 
Academy.  Rev.  J.  Gass,  Mr.  F.  Hass,  and  a  number  of  work- 
men were  present,  assisting  in  the  exploration.  A  detailed  ac- 
count of  the  finding,  prepared  by  Rev.  Mr.  Blumer,  is  published 
in  the  Proceedings  of  the  Academy. J  From  the  social  standing 
and  high  character  of  the  principal  discoverers,  no  question  has 
been,  or  can  be,  successfully  raisea  as  to  the  authenticity  of  this 
discovery.  The  other  elephant  pipe  was  not  *'  discovered "  by 
Rev.  J.  Gass,  but  was  obtained  by  him  from  a  farmer  in 
Louisa  County,  Iowa.§  This  man  found  it  while  planting  com 
on  his  farm  several  years  prior  to  that  date,  and  attached  no 
particular  value  to  the  relic,  but  had  sometimes  used  it  in 
smoking.  A  brief  account  of  its  finding  is  given  in  the  Proceed- 
ings of  the  Academy.  It  will  thus  oe  perceived  that  there 
are  no  suspicious  circumstances  connected  with  either  of  these 
discoveries,   but   that   the    surrounding    and   well-authenticated 

*  Proceedinj?s  Davenport  Academy  of  Natural  Sciences,  vol.  ii,  p.  96. 

f  Ibid,  vol.  ii,  p.  221.     Mr.  Harrison  is  now  Vice-President  of  the  Academy. 

i  Ibid,  vol.  iii,  p.  132.  §Ibid,  voL  iii,  p.  349,  note. 
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3t8  seems  to  sufficiently  establish   the  genuineness  of  these 
Cresting  relics. 

Mr.  Duncan  observes  that  'Uheir  authenticity  established, 
c^hsBologists  will  find  in  them  strong  corroborative  testimony 
at  man  and  the  mastodon  were  contemporary  on  this  continent. 
The  pamphlet  closes  with  an  appendix  in  which  a  figure  is 
ven  of  one  of  the  elephant  pipes.  The  form  of  the  elephant  and 
e  large  ears  and  trunk  are  unmistakable,  but  the  tusks  are 
inting. 

3.  7%€  Mersey  Tunnel ;  by  T.  Mellard  Reads,  F.G.S. — All 
lo  are  interested  in  the  success  of  a  great  engineering  work  will 
pleased  to  hear  that  the  Mersey  Tunnel  is  now  completed 
ider  the  river  and  arched  in.  This  is  cause  for  congratulation 
I  round,  and  especially  to  Liverpool  people,  for  it  has  been  an 
idertaking  of  great  boldness  both  in  conception  and  execution. 
Having  ventured  a  prediction  as  regards  the  strata  likely  to  be 
et  with,  in  a  paper  "  On  the  Buried  Valley  of  the  Mersey,"  pub- 
lied  in  the  "Proceedings  of  the  Liverpool  Geological  Society," 
far  back  as  1872, 1  think  it  is  well,  now  the  work  is  secure 
tyond  a  doubt,  to  call  attention  to  the  actual  facts.  In  my 
kper  of  1872  I  stated  the  grounds  of  my  belief  that,  notwith- 
anding  the  prevailing  opinion  that  a  shelf  of  rock  extends 
iross  from  Seacombe  Point  to  Princess  Dock,  it  would  be  found 
lat  there  exists  in  the  bed  of  the  river  between  Liverpool  and 
irkenhead  a  "  deep  rock  channel  or  gully  filled  with  drift. '^ 
In  a  psiper  on  the  '*  Drift  Beds  of  the  i^orthwest  of  England," 
irt  n  (Quarterly  Journal  of  the  Geological  Society,  May,  1883), 
restated  this  view ;  and  in  the  columns  of  the  Builder,  February 
1882, 1  further  called  attention  to  and  insisted  upon  it.  I  may 
%y  also  add  that  my  views  were  published  in  the  face  of  two 
stions  in  my  possession  at  the  time  (1872)  which  professed  to 
ve  the  actual  surface  configuration  of  the  rocky  bed  of  the 
rer  as  ascertained  by  borings  for  the  projected  tunnels ;  one  on 
e  site  of  that  now  carried  out,  the  other  higher  up  the  river, 
tween  the  south  end  of  the  city  and  New  Ferry,  both  of  which 
owed  a  thick  covering  of  rock  over  the  tunnels  the  whole  way 
ross  the  river. 

The  actual  facts  are  these.  The  tunnel  works  have  shown  that 
e  rocky  bed  of  the  river  at  its  deepest  point  is,  some  800  yards 
)m  the  Liverpool  side,  deeply  buried  in  drift.  About  100  yards 
this  gully  or  pre-glacial  bed  have  been  intersected  by  the  upper 
jrt  of  the  tunnel.  Before  this  part  was  finally  arched  up  I  had 
trmission  from  the  engineers  to  inspect  it,  which  I  did  in  com- 
jaj  with  my  friend,  Mr.  Frank  Archer,  of  the  firm  of  Messrs. 
Ill  &  Archer,  solicitors  to  the  company,  who  have  done  so  much 
insure  the  success  of  the  undertaking.  Mr.  Archer,  having  a 
od  knowledge  of  geology,  has  always  felt  the  greatest  interest 
the  geological  aspects  of  the  tunnel  works.  We  found  the  upper 
rt  of  the  tunnel  section  was  in  stiff,  hard,  bowlder  clay  resting, 

ku.  Jour.  Scl— Third  Series,  Vol.  XXIX,  No.  173.— Mat,  1886. 
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excepting  in  one  place  where  there  was  a  thin  patch  of  yellow 
sand,  upon  the  hard  surface  of  the  homogeneous  Triassic  rock. 
There  was  no  doubt  of  the  nature  of  the  strata ;  the  clay  was  of 
the  true  glacial-marine  type,  and  numerous  bowlders  of  granite, 
trappean  rocks,  and  grey wacke  were  strewn  about, — speciroens  of 
these  are  now  in  Mr.  Archer's  possession.  All  that  I  saw  were 
rounded,  and  not  striated,  having  the  character  usually  poiseflsed 
by  the  lower  beds  of  the  low-level  bowlder  clay  as  described  in 
the  account  of  the  Atlantic  Dock  excavations. 
Liverpool,  December  6,  1 884. 

4.  Nbte$  respecting  Metamorphism ;  by  J.  J.  Stevenson 
(Proo.  Amer.  Phil.  Soc,  Dec,  1884). — Professor  Stevenson  men- 
tions cases  where  upturned  and  folded  beds  have  become  meta- 
morphic  and  others  in  similar  condition  remain  unchanged.  He 
speaks  of  Lower  Silurian  shales  (Knox  group)  in  Russell  Coanty, 
Va.,  very  much  twisted,  and  still  unaltered;  of  the  red  Medina 
sandstone  thrown  into  close  folds  on  the  east  side  of  Evitt's 
Mountain,  in  Bedford  County,  Pa.,  for  a  distance  of  more  than 
1000  feet,  without  any  appearance  of  change  in  the  rock;  and  the 
Hudson  and  Utica  shales,  a  little  way  off  to  the  east,  turned  up 
on  edge,  and  still  not  showing  slaty  cleavage.  Other  cases  are 
mentioned  where  sandstones  are  turned  to  quartzytes;  and  in 
one,  in  the  £lk  Range,  Central  Colorado,  the  extent  of  change 
increases  with  the  distance  from  the  median  line  of  the  fold. 
Cases  are  mentioned,  also,  of  great  change,  and  of  none  or  very 
little,  at  contacts  with  eruptive  rocks.  He  refers  to  the  coal 
changed  to  coke  in  the  Trinidad  coal  field  of  Colorado  and  New 
Mexico  against  intruded  sheets  of  basalt  or  dikes  of  trachyte; 
but,  on  the  north  slope  of  the  Placer  mountains,  a  narrow  dike  of 
basalt  cuts  through  the  Laramie  beds,  and  along  an  exposure  of 
38  feet  "  no  effect  whatever  has  been  produced  on  the  coal  e?en 
at  the  line  of  contact." 

5.  A  Reprint  of  Geological  Reports  and  other  papers  on  the 
Geology  of  the  Virginias ;  by  the  late  William  6.  Rogebs, 
LL.D.,  etc.,  Director  of  the  Geological  Survey  of  Virginia  from 
1835  to  1841;  President  of  the  ^National  Academy  of  Sciences. 
832  pp.  8vo,  with  cuts,  plates,  and  a  large  geological  map.  New 
York,  1884:  D.  Appleton  &  Co. — Among  the  State  geological 
surveys  which  were  carried  forward  before  1842  no  one  was  of 
greater  importance  than  that  of  Virginia  under  the  direction  of 
Professor  William  B.  Rogers.  Begun  in  1836,  it  was  vigorously 
prosecuted  to  the  close  of  the  year  1841,  when,  although  the  work 
over  the  great  State  was  far  from  complete,  further  appropria- 
tions were  withheld  with  no  provision  even  for  a  final  report 
The  results  obtained  were  of  the  highest  importance  as  regards 
the  mineral  wealth  of  Virginia  and  American  Geology,  and  of 
great  interest  to  general  geological  science  through  the  develop 
ments  made  with  respect  to  the  structure  and  origm  of  the  Appa- 
lachians, its  coal  fields,  and  other  subjects  illustrated;  W, 
unfortunately,  the  annual  reports  were  to  be  found  in  very  few 
libraries. 
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rs.  William  B.  Rogers  has  conferred  a  great  benefit  on  the 
ce  of  the  country  by  generously  editing  and  issuing  a  volume 
lining  these  reports  together  with  other  later  papers  by 

author  on  Virginia  geology.    They  are  reprinted  just  as 

were  originally  published,  with  only  such  changes  as  Pro- 

r  Rogers  had    himself   made.      But   to  them  are  added 

3rous    colored    stratigraphical    sections — ninety   in    all— on 

1  large  sheets  which  haa  never  before  appeared.    These  seo- 

.  have  special  value  on  account  of  their  exhibitions  of  the 

res  of    the  Appalachian  rocks,  the  positions  of    the    coal 

a,  and  various  other  stratigraphical  points.     To  the  report  is 

d  also  a  small  colored  geological  map  of  the  Virginias — ^then 

Virginia — made  from  a  manuscript  map  by  Professor  Rogers, 

ivith  some  changes  and  additions  to  bnng  the  map  up  to 

This  small  map,  as  the  preface  states,  is  to  be  followed 

re  long,  "  after  certain  topographical  surveys  are  completed," 

larger  geological  map. 

le  volume  contains  descriptions  of  fossil  plants  of  the  Meso- 
Red  Sandstone,  referred  by  Professor  Rogers  to  the  Odlite, 

figures  of  three  species  (Zamites  obtusifoliua^  Tceniopteris 
nifolia  and  Lycopodites  unci/olius)  and  five  plates  of  shells 
le  Miocene  Tertiary  of  Virginia. 

le  last  paper  of  the  volume  is  Professor  Rogers's  last  commu- 
nion to  geological  science — an  account  of  an  infusorial  de- 
',  which  was  passed  through  in  an  artesian  boring  at  Fort 
roe  jELt  a  depth  between  553  and  570  feet  below  the  surface, 
action  of  the  beds  intersected  is  given;  in  its  explanations 
leposit  is  called  Miocene,  but  the  text  makes  it  £)ocene.  The 
imen  was  put  into  the  hands  of  Mr.  Samuel  Wells,  in  1875 
examination,  and  he  reported  that  out  of  the  40  species 
d  29  were  identical  with  those  of  the  Richmond  infusorial 
.um  which  Professor  Rogers  had  described  fifty  years  before. 
%e  work  is  a  large  one — 832  pages  in  small  type — and  con- 
}  thereby  a  great  amount  of  matter  important  to  geological 
ice,  and  much  also  on  the  mineral  products  of  the  State. 
Fulgurites  in  the  High  Alps. — M.  Brun  describes  in  a  recent 
ber  of  the  Archives  des  Sciences,  etc.,  of  Geneva,  the  discovery 
ulgurites  or  lightning  tubes  by  himself  and  others  upon  a 
ber  of  mountain  summits  in  the  Alps,  at  elevations  varying 
I  3,348  to  above  4,000  meters.  The  observations  are  interest- 
in  connection  with  the  recent  description  by  Diller  of  f ulgur- 
from  Mt.  Thielson  in  Oregon  (see  this  Journal  xxviii,  252). 
be  fulgurites  are  found  on  the  highest  point  of  the  mountain, 
)  one  case  on  a  ridge  a  few  meters  below  the  summit.  The 
i  portion  presents  itself  under  various  aspects,  sometimes  as 
llection  of  glassy  beads  a  fifth  of  a  millimeter  in  thickness 
covering  several  square  centimeters  of  the  rock  ;  or  again  in 
ispherical  forms  several  millimeters  in  diameter  and  hollow 
lin.  Sometimes  vitrified  sinuous  lines  10  to  12  centimeters 
mgth  and  coming   to  a  common  center  are  observed.      In 
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another  case  the  walls  of  a  small  depression,  S""*  in  diameter,  in 
the  center  of  the  surface  of  a  block  of  gneiss  were  completely 
vitrified,  in  still  another  a  pebble  which  projected  from  a  pile  of 
stones  had  been  perforated  as  if  by  a  bullet  and  the  sides  of  the 
bole  completely  tused.  The  thickness  of  the  glass  formed  is  never 
more  than  ^  to  1  millimeter,  and  the  fused  surface  has  no  grett 
extent.  The  mass  of  fused  matter  consequently  does  not  exceed 
O'l  to  0*6  grams;  one  fulgurite  weighed  only  0*122  grams.  The 
glass  formed  is  that  which  would  naturally  result  from  the  fnsion 
of  the  adjacent  minerals.  It  is  brilliant,  with  mammillary  sur- 
face, conchoidal  fracture,  varying  in  color  and  transparency. 
The  fulgurites  on  the  Ryraptischhorn  were  black,  as  was  to  be 
expected  since  the  rock  is  rich  in  actinolite;  others  from  the 
Ruinette  were  pale  brown,  the  rock  being  a  chloritic  gneiss  with 
feldspar  predominating.  Examined  with  the  microscope  the  ful- 
gurite shows  the  presence  of  numerous  cavities,  caused  by  the 
vapor  of  the  water  which  moistened  the  rock  surface  at  the  mo- 
ment of  fusion ;  there  arc  also  numerous  inclusions  with  regulsr 
form  in  the  homogeneous  vitreous  mass,  which  are  fragments  of 
the  minerals  torn  off  but  not  fused.  The  glass  exerts  no  action  od 
polarized  light.  An  analysis  of  a  fulgurite  from  Mont  Blanc  de 
Seillon  on  the  gneiss  gave  the  following  results  : — 

SiO,  A1,0,  Fe,0,  CaO  MgO  Alkalies 

66-73  19*69  667  3  03  1*71  *  [4"37]  =  100 

The  analysis  proves  that  the  iron  of  the  chlorite  has  been  oxi- 
dized as  was  to  be  inferred  from  the  dark  color  of  the  glafl& 
M.  Brun  states  that  thus  far  fulgurites  have  been  observed  upon 
nine  of  the  high  peaks  of  the  Alps,  and  adds  that  many  more  will 
doubtless  be  discovered  if  attention  is  directed  to  the  subject 

7.  Paleontology  of  the  Eureka  District;  by  Charlbs  D. 
Walcott,  U.  S.  Geological  Survey,  J.  W.  Powell,  Director. 
298  pp.  4to,  with  24  plates. — Some  of  the  results  of  Mr.  Wai- 
cott's  study  of  the  Eureka  fossils  (his  personal  collections)  are 
mentioned  in  a  notice  of  the  second  Annual  lieport  of  the  Geo- 
logical Survey,  in  this  Journal  (xxvii,  65,  1884).  In  the  volome 
now  published  the  species  are  described  in  full,  with  a  statement 
of  sui^h  paleontological  conclusions  as  the  present  state  of  the 
facts  appeared  to  warrant.  The  species  belong  to  the  Cambrian 
and  Lower  Silurian,  Devonian  and  Carboniferous.  The  Upper 
Silurian  is  not  represented,  or  only  by  two  fossils,  Halysitea  caten- 
ulritus  and  a  Zaphrentia, 

The  report  makes  out  for  the  region  over  60  Cambrian  species, 
two-thirds  of  them  Trilobites,  and  over  100  Silurian  species, 
nearly  half  of  which  are  new. 

The  number  of  species  and  genera  is  sufficient  to  enable  the 
author  to  establish  the  important  fact  that  the  transition  as 
regards  life  from  the  Cambrian  to  the  Lower  Silurian  is  eradaal, 
and  to  make  out  approximate  equivalency  with  the  Wisconsin 
and  New  York  formations.  Between  the  Devonian  of  the  region 
and  that  of  eastern  localities  he  finds  parallelisms,  yet  with  some 
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sea  of  a  reversal  of  the  previously  known  order  of  saccession, 
d  of  wider  stratigrapbical  range ;  as  in  the  occurrence  of  the 
illy  limestone  (Hamilton)  species,  Orthis  llUliensiSj  at  the  sum- 
t  of  the  Devonian  limestone,  and  of  the  Chemung  species 
^his  impressa  associated  with  eastern  Upper  Helderberg  spe- 
s.  There  is  also  a  commingling  of  Upper  Devonian  species 
th  the  Lower  Carboniferous  fauna. 

An  interesting  discovery  is  that  of  Pulmoniferous  mollusks  of 
5  genera  Physa  and  Zaptychius  in  the  Subcarboniferoos. 

8.  7%e  Occidental  Alps. — M.  Lobt  has  ^iven  the  results  of 
s  explorations  in  this  region  in  the  BuUetm  of  the  Geological 
•ciety  of  France,  ix,  652  (1881^.  He  states  that  no  break 
ists  between  the  crystalline  schists,  gneiss,  mica  schists,  horn- 
ende  schists,  of  the  "  terrain  primitive  "  and  the  Silurian  beds  to 
e  eastward,  and  at  Outer  Rh6ne,  in  the  Yalais,  the  distinction 
stween  them  is  made  out  with  difficulty.  This  author  divides 
e  Alps  into  a  sub- Alpine  and  four  Alpine  zones,  limited  by 
alts.  Of  these  four,  the  flrsty  or  that  of  Mt.  Blanc  (with  the 
igailles  Rouges,  etc.),  and  the  fourth^  or  that  of  Monte  Rosa, 
otain  crystalline  rocks,  which  are  of  rare  occurrence  over  the 
termediate  region.  The  crystalline  schists  of  the  fourth  zone 
e,  beginning  with  the  upper,  sericite  schist,  chlorite  schist  with 
temations  of  hornblendic  schist,  mica  schists  with  alternations 

cipolin  and  granular  limestones,  well  stratified  granitoid  gneiss. 
I  the  first  zone  the  coal  formation  is  sometimes  conformable 
ith  the  crystalline  schists  and  sometimes  not.  The  greatest 
splacements  in  the  region  occur  between  the  Carboniferous 
)d8  and  the  Trias — or  tne  Lias  where  the  Trias  is  absent.  The 
otogine  of  Mont  Blanc  is  in  normal  superposition  over  the  mica 
hists,  and  its  ''  en  eventail "  structure  is  not  due  to  a  central 
tticlinal  fold,  but  simply  to  a  synclinal  fold  of  the  upper  series 
'  crystalline  schists.  The  great  faults  separating  the  four  zones 
dated  already  in  the  Carboniferous  era.  Another  fault,  that  of 
r^ivaudan,  separates  the  first  Alpine  chain  from  the  Subalpine, 
id  it  was  slowly  formed  between  the  Upper  Odlite  (the  Callo- 
an)  and  the  Chalk,  and  produced  a  displacement  of  2000 
eters. — Archives  dee  Set.  Phys.  et  Nat,y  xiii,  March  16,  1886. 

9.  Communicates  da  Sec^o  dos  Trabalhos  Oeologicos  de 
briugaL  Tom.  I,  fasc.  1,  pp.  1-168,  8vo.,  Lisbon,  1886. — The 
eological  Commission  of  Portugal  has  commenced  the  publica- 
on  or  an  octavo  series,  the  successive  numbers  of  which  are  to 
>ntain  the  minor  works  of  the  survey  and  which  are  to  be  pub- 
»bed  as  often  as  the  articles  are  sufficient  to  form  a  fascicule, 
art  I  of  the  first  volume  now  issued  contains  ten  papers,  among 
hich  may  be  noted,  one  by  A.  Ben-Saude  on  the  optical  anom- 
iea  of  isometnc  crystals,  a  subject  to  which  he  has  already 
jade  important  contributions;  another  by  Macpherson  on  the 
>hites  and  teschenites  of  Portugal;  several  by  P*  ChoSat,  one  of 
teae  is  on  the  age  of  the  granite  of  Cintra.     This  granite  occurs 

veins  in  the  strata  belonging  to  the  lower  parts  of  the  Malm, 
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and  is  consequently  more  recent  than  that ;  from  a  survey  of  all 
the  facts  the  author  concludes  that  the  granite  belongs  either  to 
the  upper  Cretaceous  or  to  the  Eocene,  but  as  it  is  impossible  to 
decide  between  these  he  regards  the  expression  post-Cenomanieo 
granite,  as  more  correct  than  tertiary  granite. 

10.  Rhinoceros  and  Hippotherium  from  Florida, — Dr.  Lkidt 
describes  in  the  Proceedings  of  the  Philadelphia  Academy  of 
Natural  Sciences  for  1885,  p.  32,  two  teeth,  one  belonging  loan 
extinct  Rhinoceros,  which  he  names  R,  protemu  (whether  of  th« 
subgenus  Aceratium^  Aphdops  or  others  is  not  determinable  with- 
out other  parts  of  the  skeleton) ;  the  other,  to  the  genus  HippoU^ 
Hum  (which  includes  three-toed  horses  from  the  Miocene  and 
later  Tertiary),  naming  it  H.  ingenutim. 

The  specimens  occur,  with  fragments  of  a  crocodile,  a  carni- 
vore about  the  size  of  a  fox,  and  a  lama,  in  a  deposit  overlying  the 
Vicksburg  limestone  of  Eocene  age;  but  of  what  precise  period 
later  than  Eocene  is  doubtful. 

A  species,  named  Hippotheritwi  venvatum  in  Holmes's  Pliocene 
fossils  (1860,  106,  pi.  xvi),  and  earlier  J7f/>parton  venustum  (Proa 
Philad.  Acad.  Nat.  Sci.,  1853,  p.  241),  was  from  the  Ashley 
River  phosphate  beds  of  South  Carolina. 

11.  has  Antlitz  der  Erde  von  Eduard  Suess,  Zweite  Abtheil- 
ung,  pp.  311  to  778,  1885,  Prag  (F.  Tempsky),  and  Leipzig  (G. 
Freytag). — The  first  portion  of  Professor  Suess's  most  interesting 
and  suggestive  monograph  was  noticed  in  this  Journal  a  little 
more  than  a  year  ago  (vol.  xxvii,  161).  The  general  design  of 
the  whole  work  was  there  given,  and  the  relation  of  the  succes- 
sive parts  into  which  the  subject  had  been  divided.  The  present 
part  completes  the  first  volume.  It  is  devoted  to  a  discussion  of 
the  mountain  systems  of  the  earth,  the  first  three  chapters  of 
which  subject  were  contained  in  part  I.  The  Mediterranean,  the 
deserts  of  Northern  Africa,  the  mountains  of  India,  the  relation 
of  the  Alps  to  the  Asiatic  mountains,  the  mountains  of  the  Ame^ 
ican  Continent,  are  some  of  the  subjects  which  are  discussed. 
The  completion  of  the  work  will  be  awaited  with  interest. 

12.  tStudies  o/ some  Japavese  rocks. — Dr.  Bundjibo  Koto,  of 
Tsu-wa-no,  Iwami,  Japan,  has  published,  as  his  inaugural  disserta- 
tion at  Leipzig,  the  results  of  a  careful  study  of  a  series  of  Japs- 
iiese  rocks — pyroxene  andesite,  basalt,  diabase,  granite,  dionte, 
porphyrite.  Among  other  points  of  interest  he  describes  the 
pyroxene  of  the  andesite  as  being  in  part  pleochroic,  in  part  not, 
though  both  are  raonoclinic,  and  the  author  concludes  belong  to 
the  same  species.  An  analysis  of  the  pleochroic  augite,  separated 
bv  the  Thoulet  solution,  afforded 

SiO,  A1,0,         Fe,0,  FeO  CaO  MgO        MnO 

63-26  401  3-42  1407  10*15  14*65        tr  =  99-56 

These  andesites  also  contain  sparingly  hornblende  which  is 
altered  on  the  mar&^ius  to  pyroxene. 

13.  American  Fossil  Cockroaches. — Prof.  S.  H.  Scudder  de- 
scribes new  fossil  cockroaches  in  the  Proceedings  of  the  Philadel- 
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hia  Academy  of  Natural  Science,  1886,  p.  34 — two  from  the 
Carboniferous  deposits  of  Mazon  Creek,  Illinois,  for  which  two 
ew  genera  Promylacria  and  Paromylacris  are  instituted;  and 
ight  from  the  Triassic  of  Fairplay,  Colorado,  of  the  genera 
pilobkUtina  (new),  Oryctohlattina^  Petrablattina  and  Poroblat- 
na  (new). 

14.  Silurian  fossil  Cockroach  from  JurqiAes  in  Northweitem 
'ranee. — M.  C.  Bbongniabt  has  announced  the  discovery  of  the 
ing  of  a  cockroach,  showing  most  of  its  nervures,  in  a  piece  of 
Qddle  Silurian  Sandstone  belonging  to  De  VerneuiPs  collection. 
*he  wing  is  25  mm.  long.  He  proposes  for  it  the  name  Palcso- 
UMina  Douvillei,  Its  geological  position  makes  it  older  than 
be  Scotch  and  Swedish  scorpions. —  C.  J?.,  Dec.  20,  1884;  Ann. 
}fag.  Nat,  Hist.^  xv,  365,  April,  1885. 

16.  Geology  of  Southern  Kansas, — A  paper  in  the  Bulletin 
f  the  Washburn  College  Laboratory,  Topeka,  Kansas  (vol.  i, 
lo.  3,  1885),  by  the  editor,  describes  the  geology  of  Southern 
Cansas.  It  is  stated  that  the  Dakota  Group  (of  the  Cretaceous) 
ommences  at  Milan  and  is  the  main  country  rock  through  Har- 
der county  to  Medicine  Lodge,  but  is  partly  overlaid  by  Ter- 
iary.  Its  most  remarkable  feature  is  its  stratum  of  massive 
rypsum,  12  to  20  feet  thick,  which  is  continuous  over  an  area  of 
tOO  square  miles.  It  occurs  in  the  Dakota  beds,  but  to  the  west 
B  mostly  in  the  overlying  Benton  group,  and  later  Cretaceous, 
rhis  gypsum  bed  is  distmct  from  another  Kansas  bed  in  the 
Permo-Carboniferous. 

16.  lUttstrations  of  the  Fauna  of  the  St.  John  Group^  contin- 
tted:  on  the  Conocoryphea,  with  further  remarks  on  ParddoxideSy 
by  S.  F.  Matthews.  Trans.  Roy.  Soc.  Canada,  1884,  p.  99. — 
Hr.  Matthews  in  his  concluding  remarks  observes  that  the  St. 
Fohn  beds  are  probably  older  than  the  other  Cambrian  areas  of 
he  Atlantic  border,  the  Newfoundland  and  the  eastern  Massa- 
husettSy  and  are  best  comparable  in  fauna  with  the  oldest  of 
he  British  Cambrian. 

17.  Mineralogical  Notes. — Professor  G.  vom  Rath  in  a  recent 
lemoir  (Bonn,  1885),  describes  and  figures  a  number  of  the 
smarkable  quartz  crystals  from  Alexander  and  Burke  counties, 
forth  Carolina,  which  had  been  placed  in  his  hands  for  study  by 
everal  American  mineralogists.  Of  the  North  Carolina  crystals 
1  general,  he  says  that  in  crystallographic  interest  they  surpass 
he  specimens  of  all  other  known  localities  of  this  most  remarka- 
le  of  minerals.  They  seem,  he  says,  to  embrace  all  the  interest- 
ag  features  which  have  been  described  in  crystals  from  other 
laces.  The  general  feature  of  the  crystals  is  the  occurrence  of 
cute  rhombohedrons,  especially  the  rhombohedron  SR,  with  too 
he  upper  trapezohedral  planes,  particularly  -|-f.  The  twin 
rystals  also  offer  many  peculiarities.  Several  new  planes  are 
iven  by  vom  Rath,  for  which,  and  other  points  of  detail,  how- 
ver,  reference  must  be  made  to  the  original  paper. 

The  same  pamphlet  contains  the  description  of  a  remarkable 
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crystal  of  stephanite  from  Mexico,  tridymite  in  andesite  from 
Krakatan;  colemanite  from  California.  (Compare  this  Joaroal, 
xxiz,  p.  34.) 

18.  Boumonite;  Cuprite. — Mr.  H.  A.  Miers  of  the  Britiih 
Mnseam  has  recently  published  in  the  Mineralogical  Magazioe 
an  exhaastive  monograph  on  the  crystallography  of  boamonite. 
To  the  accepted  list  of  60  forms,  20  well  established  new  odm 
are  added  and  21  others  which  need  confirmation.  A  table  of 
upwards  of  1000  angles  gives  all  those  which  are  important  for 
the  species. 

The  same  author  has  observed  upon  Cornish  crystalB  of  cuprite 
planes  of  the  hexoctahedron  f-|  (086)  developed  in  accordanoe 
with  trapezohedral  or  gyroidal  hemihedrism,  a  kind  of  hemih^ 
drism  long  recognized  as  possible,  but  never  before  observed  on 
natural  crystals,  and  only  once  on  artificial  crystals  (sal  ammo- 
niac). 

10.  Lehrbuch  der  Mineralogie ;  von  Dr.  Gustav  Tschsbmak, 
Zweite  verbesserte  Auflage.  607  pp.  with  766*  original  figures 
and  2  colored  plates.  Vienna,  1886  (Alfred  H5lder).~The  first 
edition  of  Professor  Tschermak's  admirable  Text-book  of  Mine^ 
alogy  has  already  been  noticed  in  these  pages.  Constant  use  of 
the  book  through  the  past  year  has  served  to  confirm  the  first 
impression  as  to  its  value,  which  has  been  increased  by  the 
changes  introduced  into  this  new  edition.  It  is  remarkably  clear 
and  thorough  in  the  theoretical  portion  and  much  originality 
both  in  matter  and  in  manner  of  presentation.  The  descriptions 
of  species  are  brief,  sometimes  almost  too  much  so,  but  they  are 
given  in  a  form  that  renders  them  more  than  usually  attracdve 
to  the  average  student.  The  large  numbers  of  figures  introduced 
are  all  from  original  drawings  and  in  execution  leave  nothing  to 
be  desired. 

20.  Fairfieldite  from  Bavaria, — The  rare  mineral  fairfieldite, 
hitherto  known  only  from  Branchville,  Fairfield  County,  Conn., 
(see  Brush  and  Dana,  this  Journal,  xvii,  350),  has  been  identi- 
ned  by  Sandberger,  at  Rabenstein,  Bavaria.  Some  years  ago 
(Jahrb.  Min.,  1870,  370),  he  gave  the  provisional  name  leucoman- 
ganitc  to  a  supposed  new  phosphate  from  that  locality.  The  dis- 
covery of  additi(>nal  material  has  enabled  him  to  prove  that  this 
mineral  is  identical  with  fairfieldite,  and  the  other  name  is 
accordingly  withdrawn. 

21.  In  forme  sobra  las  Especies  Minerales  del  JSktado  de 
Jalisco  per  Carlos  F.  de  Landero.  41  pp.  8vo.  Guadalajara, 
1884. — This  little  pamphlet  contains  brief  statements  of  the  num- 
erous minerals  found  in  the  State  of  Jalisco,  Mexico.  Similar 
accounts  for  the  other  Mexican  States  are  to  be  desired. 

22.  tSmaltite  from  Colorado, — In  the  analysis  of  smaltite  on 
page  380  of  volume  xxiii,  the  percentage  of  iron  should  read 
15*00  instead  of  11-90  as  there  given. 
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III.  Zoology. 

.  Elementary  Text-Book  of  Zoology ;  bv  Dr.  C.  Claus, 
kslated  and  edited  by  Adah  Sedgwick,  with  the  assistance  of 
S.  Hkathcots.  2  vols.  8vOy  with  nutneroas  wood  cutn.  Mac- 
LAK  <fc  Co.,  New  York,  1885. — This  is  an  American  edition  of 
English  translation  of  the  already  well-known  standard  Oer- 
1  text-book  of  Professor  Clans.  The  editor  has  adhered  very 
ely  indeed  to  the  original  German  text  and  has  made  very 
additions,  which  are  enclosed  in  brackets.  In  some  respects 
ere  translation  has  its  advantages,  but  as  a  current  text-book 
,  science  so  eminently  progressive,  it  is  to  be  regretted  that  the 
}  translator  has  not  thought  it  best  to  make  more  numerous 
itions,  in  the  form  of  foot-notes  or  otherwise,  so  as  to  bring  the 
ements  more  nearly  down  to  the  actual  state  of  the  science  in 
year  1884,  the  date  of  the  preface  to  the  English  edition.  As 
3neral  thing  most  of  the  important  discoveries  made  within  the 
t  five  or  six  years  are  not  referred  to,  and  in  other  respects  the 
k  is  not  brought  down  to  date.  Even  many  of  the  important 
Mil  discoveries  and  investigations  made  in  England  are  not  in 
way  mentioned,  and  far  less  seldom  is  anything  of  American 
rin  alluded  to.  In  fact,  the  book,  though  in  good  English,  is 
Hically  a  German  book  still,  and  the  books  and  authors  quoted, 
"eferred  to  as  authorities  in  the  lists,  of  books  to  be  consulted, 
nearly  all  German,  even  when  of  less  importance  and  value 
a  other  works  in  English  and  French,  which  are  not  mentioned. 
B  is  a  peculiaritv  that  we  naturally  expect  in  a  German  book, 
it  might  easily  Lave  been  remedied,  to  a  great  extent,  by  the 
.or,  if  he  had  chosen  to  add  references  to  a  considerable  number 
he  more  important  books  printed  outside  of  Germany,  and 
H^ially  in  the  English  language. 

he  appearance  of  the  English  translation  will  undoubtedly 
s  this  book  a  far  wider  circulation  in  England  and  America 
1  it  has  hitherto  had,  and  as  a  reference  book  for  somewhat 
anced  students,  it  is,  perhaps,  unexcelled,  even  with  the  im- 
ections  referred  to,  which  are  largely  due  to  the  fact  that  the 
k  was  written  from  a  German  point  of  view,  and  for  German 
lents,  and  has  already  been  published  some  years  in  Germany, 
ibout  180  pages  of  the  first  volume  are  devoted  to  the  general 
«  of  comparative  anatomy  and  physiology,  histology,  embry- 
ry,  reproduction  of  various  kinds,  evolution,  etc.  This  part 
he  book  will  be  of  great  interest  and  use  to  many  who  are  not 
3ialists  in  zoology,  but  who  desire  a  general  knowledge  of  the 
lem  status  of  zoological  biology.  Chapter  v,  which  treats 
»fly  of  evolution,  Darwinism,  etc.,  and  the  evidences  for  and 
inst  these  theories,  will  be  of  more  general  interest,  perhaps, 
a  any  other  chapter. 

'he  remainder  of  the  two  volumes  is  mainly  devoted  to  syste- 
mic zoology,  which  is,  in  general,  treated  with  great  ability  and 
1. 

it  JovR.  ScL^TuiBD  Series,  Vol.  XXIX,  No.  VXZy  ^k\^  V^V^. 
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As  a  matter  of  course,  the  classification  adopted  is  capable  of 
being  criticised  in  many  respects.  But  upon  this  subject  zoolo- 
gists are  still  very  far  from  agreeing,  so  that  every  writer  may,  if 
he  chooses,  hold  his  own  views  of  the  classification  of  many  por- 
tions of  the  animal  kingdom.  The  first  volume  includes  the  rro- 
tozoa,  CoDlenterata,  Echinodermata,  Vermes  and  Arthropoda. 
The  rest  of  the  groups  are  included  in  vol.  ii. 

The  Arthropoda,  and  especially  the  Crustacea,  are  very  fully 
treated  in  the  first  volume,  while  the  greater  part  of  the  second 
is  devoted  to  the  Yertebrata  (230  pages).  The  illustrations  are 
very  numerous  (706)  and  are,  for  the  most  part,  well  selected  and 
carefully  engraved.  a.  e.  v. 

2.  Presence  of  eyes  in  the  shells  of  certain  Chitonidce.  —  Mr. 
H.  N.  MosELEY,  in  the  Quarterly  Journal  of  Microscopical  Science 
for  January,  1 885,  states  his  discovery  of  eyes  in  the  shell  of  cer- 
tain Chitons,  and  describes  and  figures  their  microscopic  structure 
and  method  of  formation.  They  occur  on  the  outer  surfaces  of 
the  shells  of  some  species  of  these  mollusks,  and  are  about  j^jth 
inch  in  mean  diameter.  In  Schizochiton  incisus^  the  diameter  is 
^th  inch ;  the  anterior  shell  has  six  rows  of  eyes  and  the  pos- 
terior the  same,  the  middle  shells,  two  rows,  with  one  exception, 
in  which  there  are  three.  In  other  species  the  arrangement  is 
different.  In  Tonicia  mamiorata  the  eyes  of  the  anterior  shell, 
in  one  specimen,  lie  in  34  radial  lines,  each  line  containing  ahoot 
18  eyes. 

The  eyes  have  a  convex  cornea,  a  lens,  and  around  the  cornea 
a  narrow  zone  of  dark  pigment  which  is  the  margin  of  the  pig- 
mented eye-capsule.     Through  the  center  of  each  cornea  is  seen  a 
small  circular  area  somewhat  darker  than  the  aperture  of  the 
pupil,  but  showing  a  brilliant  spot  of  totally  reflected  light  dae  to 
the   lens.     The  soft  structures  of  the  eye  lie  in  a  more  or  less 
pear-shaped  chamber,  excavated  in  the  surface  of  the  tegmentum. 
The  eye  is  sometimes  prominent,  and  sometimes  sunk  in  a  shal- 
low  pit.     Mr.   Moseley  figures  the  ramifications  of  soft  tissue, 
which  pass  to  the  eyes  and  describes  some  of  the  branches  as 
terminating  in  points,  the  papilliform  bodies  of  Van  Beneden, 
that  probably  are,  according  to  Mr.  Moseley,  organs  of  touch,  and 
are  called  by  him  raegala3sthetes.     The  eyes  are  evidently  to  be 
regarded  as  modifications  of  niegalaesthetes. 

The  forms  of  the  Chitonida)  having  well  developed  eyes  appear 
to  be  mostly  non-European. 

IV.    Miscellaneous   Scientific   Intelligence. 

1.  Temperature  for  March. — The  Bulletin  of  the  New  England 
Meterological  Society  for  March,  1885,  contains  the  following 
statements  in  regarci  to  the  temperature  during  that  month: 
"The  month  has  been  characterized  by  a  greater  amount  of  fair 
weather  and  less  wind  than  is  usual  in  March.  Two  featurei 
especially  distinguish  fhe  month  from  the  corresponding  month 
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armer  years,  viz.:  the  small  precipitation  and  the  low  tempera- 
*.  The  latter  condition,  added  to  the  similar  low  tempera- 
!S  of  February  and  the  last  half  of  January,  closes  a  season  of 
arkable  severity.  At  Worcester,  Mass.,  the  continued  cold 
nexampled  in  th^  forty-seven  years  of  continued  observation, 

it  is  probable  that  a  similar  result  would  be  found  at  other 
ions,  were  the  records  examined.  The  observations  at  Gard- 
,  Me.,  Cambridge  and  Worcester,  Mass.,  Providence,  R.  I., 

New  Haven,  Conn.,  which  cover  a  long  succession  of  years, 
w  that  the  average  temperature  of  the  three  months,  January, 
»niary,  and  March,  1885,  was  b'^Z^  below  the  average,  and  of 
four  months,  December,  1884, — March,  1885,  3*3°  below  the 
rage.  The  month  closed  with  warmer  weather,  but  the  frost 
he  ground  in  southern  New  England  extended  to  a  depth  of 

or  three  feet,  and  good  sleighing  continued  in  the  northern 
ion. 

The  unusually  low  average  temperature  of  the  month  was  the 
lit  of  steady  cold  with  but  few  single  records  of  great  sever- 
The  temperature  reached  zero,  however,  at  nearly  all  sta- 
8,  as  will  be  seen  from  Table  11.  The  month  was  the  coldest 
•ch  on  record  at  Gardiner,  Me.,  Burlington,  Vt.,  and  Worocs- 

Mass.,  at  which  continuous  records  of  nearly  half  a  century 
e  been  consulted. 

Scientific  Papers  and  Addresses  of  Gkorgb  Rollbston, 
).,  F.K.S.,  Linacre  Professor  of  Anatomy  and  Physiology  and 
low  of  Merton  College,  Oxford,  arranged  and  edited  by 
Ham  Turner,  M.B.,  F.RS.,  Prof,  of  Med.  and  Anat.  Univ. 
nburgh,  with  a  biographical  sketch  by  Edward  B.  Tylor, 
..S.,  Keeper  of  the  Museum,  Oxford.  2  vols.,  948  pp.,  8vo, 
1  portrait,  plates  and  wood-cuts.  1884,  Oxford,  (Clarendon 
ss,  Macmillan  &  Co.). — Dr.  Rolleston  was  a  scholar  of 
)rous,  independent,  ever  active  mind,  of  wide  range  of 
wledge,  of  brilliant  and  eloquent  speech,  and  judiciously 
ral  in  politics  and  everything  else ;  a  man  who  wrote 
ere  is  no  subject  so  pleasing,  and  none  so  ennobling  as  the 
mph  of  will  over  interest  and  the  victory  of  conscience  over 
ediency,"  and  practiced  accordingly.  After  a  few  years  of 
k  in  the  medical  profession— nine  months  of  it  at  the  English 
pital  at  Smyrna  durinii  the  Crimean  war — he  was  elected 
fessor  at  Oxford  in  1860.  He  died  in  1881  in  his  62d  year, 
scientific  papers  in  the  two  volumes  now  published  related  to 
jects  in  physiology  ;  brain-anatomy ;  human  and  simian  brains ; 
liology  of  the  British  Barrows  or  Bushmen,  etc.,  excavations 
ncient  cemeteries  in  England  with  descriptions  of  skeletons 

other  archaeological  facts ;  also  on  subjects  in  zoology ;  with 
resses  on  the  modifications  of  aspects  of  organic  nature  pro- 
ed  by  man ;  biological  training  and  studies  ;  the  relative 
le  of  classical  and  scientific  training ;  the  earth-closet  system ; 
bold  and  enteric  fever  in  Indian  gaols,  and  on  the  relations  of 
:;  disease  and  the  cholera  to  the  dry-earth  system  of  conser- 
cy ;  and  other  topics. 
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3.  Upon  the  formcUion  of  a  deaf  variety  of  the  Human  Race; 
by  Albxakdbb  Gbauam  Bbll.  Paper  presented  to  the  National 
Academy  of  Sciences  at  New  Haven,  November  18,  1883.  8(i  pp. 
4to. — Mr.  Bell  has  here  brought  to  bear  his  scientific  precision 
and  exact  methods  of  investigation  on  a  question  of  great  im- 
portance to  society.  He  concludes  that  the  tendency  to  inter- 
marriage of  deaf  mutes,  from  their  congregation  in  asylums  and 
being  taught  by  signs  only  intelligible  among  themselves,  pro- 
motes intermarriages  and  the  increase  in  the  number  of  deaf 
mutes,  and  urges  that  the  schools  for  them  should  be  small,  and 
that  instruction  in  articulation  and  speech-reading  should  take 
the  place  of  signs. 

4.  Prehistoric  Fishing  in  Europe  and  North  America;  by 
Charles  Rau.  342  pp.  4to,  with  numerous  cuts.  Smithsouian 
Contiibutions  to  Knowledge,  No.  609. — This  volume  contains  a 
thorough  report,  with  very  numerous  figures,  of  all  that  has  been 
published  on  the  implements,  materials,  boats,  etc.,  used  in  finh- 
mg  by  prehistoric  man,  all  stone  pipes  and  other  carvings,  and 
pictures  representing  fishes  and  other  animals  of  the' water;  and 
much  about  the  modes  of  fishing,  the  shell-heaps,  and  other  ethno- 
logical facts  connected  with  the  seashore  Indians.  It  is  full  of 
matter  of  archaeological  value,  all  of  which  is  presented  in  excel- 
lent style,  with  the  best  of  woodcut  illustrations  representing  the 
various  objects  described. 

5.  Dictionary  of  Altitudes  in  the  United  States;  compiled  by 
Henrt  Gannett,  U.  S.  Geological  Survey.  826  pp.  8vo.— A 
valuable  volume  of  reference.  It  is  essentially  a  new  and  en- 
larged edition  of  the  work  of  Mr.  Gannett  published  by  the  U.  & 
Geological  Survey  of  the  Territories  in  successive  editions  of  the 
years  1873,  1875  and  1877. 

Anales  do  la  Oflcina  Meteorologia  Argentina  par  du  Director  Benjamin  A. 
Gould.     Vol.  iv,  600  pp.  4to.     Cordoba,  1884. 

The  r^nnpe  and  their  Legends,  with  the  complete  text  and  symbols  of  the 
Walam  Oliim,  a  new  translation  and  an  enquiry  into  its  authenticity:  by  Dtniel 
G.  Brinton,  A.M.,  M.D.  262  pp.  8vo.  Brinton's  Library  of  Aboriginal  Americu 
Literature,  No.  V.     Philadelphia.     1885. 

The  deflective  effect  of  the  earth's  rotation;  by  W.  M.  DATia  Reprinted froo 
the  American  Meteorological  Journal.  Vol.  1,  No.  12.  1886.  (W.  H.  Bnrr 
Publishing  Co.,  Detroit,  Mich.)    A  brief  and  simple  exposition  of  the  subject 

The  osteology  of  Amia  calva,  by  R.  W.  Shufeldt,  Rep.  Comm.  Fish  and  Fish- 
eries for  1883.     90  pp.  8vo,  with  14  plates. 

Die  Fauna  des  Iberg^r  Kalkes,  von  J.  M.  Clarke.  94  pp.  8vo,  with  thr« 
plates  of  fi^nires  of  fossils.    Stuttgart,  1884.    (N.  Jahrb.  f.  Min.  Geol.  u.  PaL,  1884). 

Astcroidea,  ved  D.  C.  Danielssen  og  Johan  Keren.  120  pp.  large  4to,  with 
15  plates  and  1  map.  Den  Norske  Nordhavs-Expeditionen,  1876-1878.  XL 
Christiania,  1884. 

Fourteenth  Annual  Report  on  the  Geological  and  Natural  History  of  Inditiii 
for  1884.  John  CoUett,  State  Geologist.  Part  1st,  Geology  and  Natural  History, 
122  pp.  8vo,  with  a  colored  geological  map  of  the  State;  Part  2d,  on  the  PoM- 
Pliocene  Vertebrates  of  Indiana,  by  Prof.  E.  D.  Cope  and  James  Wortman.  63  pp. 
8vo,  with  6  plates     Indianapolis,  1884. 

Bulletin  of  the  U.  S.  National  Museum ;  No.  27,  Descriptive  Catalogues  Consti- 
tuting a  Report  upon  the  Exhibit  of  the  Fisheries  and  Fish-culture  of  the  United 
States  of  America,  made  at  the  Loodon  Fisheries  Exhibition.  1883;  prepared 
under  the  direction  of  G.  Browne  Goode,  U.  S.  Commissioner  and  a  staff  of 
associates.     1280  pp.  8vo.    \ft^4.    \^«a\mi^\i. 


THE 


AMERICAN  JOURNAL  OF  SCIENCE. 


[THIRD    SERIES.] 


•*•- 


Art.  LIV. — Notes   on  American  Earthqimkes^   No,    14 ;    by 
C.  G.  RocKWOOD,  Jr.,  Princeton,  N.  J. 

In  this  article,  as  in  former  ones  of  the  series,  I  give  a  sum- 
marj  of  the  information  which  has  come  into  my  banos  in  regard 
to  earthquakes  which  occurred  during  the  preceding  year  in 
North  or  South  America  and  the  adjacent  watera     The  infer- 
mation  has  been  gathered  from  various  sources,  largely  from  the 
Monthly  Weather  Review  of  the  U.  S.  Signal  Service,  and 
from  current  newspapers;  but  I  have  also  been  fortunate  in  re- 
ceiving a  greater  number  than  usual  of  manuscript  reports,  mostly 
relating  to  the  shock  of  Aug.  10.     For  many  of  these  my  thanks 
are  due  to  Cleveland  Abb^  of  the  Signal  Service,  and  especially 
to  W.  M.  Davis  of  Harvard  College,  who  kindly  put  into  my 
hands  a  large  amount  of  matter,  both  manuscript  and  printea, 
irhicb  he  had  collected.      The  persons,  whose  letters  to  these 
•wo  gentlemen  I  am  reaping  the  oenefit  of,  are  too  numerous  to 
:>e  mentioned  here  by  name,  but  putting  their  contributions 
iritb  mv  own  collection,  I  find  that  I  have  at  command  about 
>ne  hundred  and  fifty  direct  manuscript  reports  on  the  earth- 
|uake  of  Aug.  10,  besides  a  very  large  amount  of  newspaper 
saltings.     For  other  reports  I  am,  as  heretofore,  indebted  to  J. 
If.  Batchelder  of  Cambridge,  Mass.,  and  to  Charles  Carpmael 
>f  Toronto,  Superintendent  of  the  Canadian   Meteorological 
Service. 

As  in  former  notes,  when  a  shock  is  recorded  on  the  authori- 
,j  of  asingle  report,  the  source  of  the  information  is  indicated, 
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and  a  few  items,  which  were  regarded  as  somewhat  uncertain, 
are  printed  in  smaller  type.  The  division  of  the  day  into 
twenty-four  hours  is  again  employed. 

An  attempt  has  also  been  made  in  these  notes  to  distinguish 
the  shocks  according  to  the  degree  of  intensity.  For  that  par- 
pose  a  scale  was  provisionally  adopted,  with  reference  to  wnich 
the  adjective  indicating  intensity  was  selected,  this  selection 
being  guided,  whenever  possible,  by  the  statements  of  the  phe- 
nomena observed  rather  than  by  the  mental  impression  of  the 
observer.  Thus  an  earthquake  called  by  the  newspapere 
** severe"  may  perhaps  be  found  characterized  here  as  "light" 
because  only  c^iusing  the  phenomena  which  mark  that  degree. 
The  scale  employed  is  as  follows : 

I.  Very  light : — Noticed  by  a  few  pei*sons  but  not  generally 
felt. 

II.  Light : — Felt  by  the  majority  of  persons,  rattling  windows 
and  crockery. 

III.  Moderate : — Sufficient  to  set  suspended  objects,  as  chande- 
liers, etc.,  swinging,  or  to  overthrow  light  objects  favorably 
placed. 

IV.  Strong : — Sufficient  to  crack  the  plaster  in  houses  or  to 
throw  down  bricks  from  chimneys. 

V.  Severe: — Overthrowing  chimneys  or  walls  and  injuring 
some  buildings. 

VI.  Destructive  : — Causing  general  destruction  of  buildings,  etc. 

This  scale  is  adopted  for  the  purposes  of  the  present  article, 
but  it  is  quite  probable  that  considerations  of  uniformity  with 
European  observers  may  lead  to  the  use  of  the  Rossi-Forel 
Scale  in  future  papers. 

1884. 

Jan.  3. — At  20**  40™  a  light  ^hocV  occurred  atPortland^  Oregon; 
duration  about  two  seconds ;  vibration  southeast  to  northwest— 
U.  S,  Weath.  Rev. 

Jan.  4. — At  ll**  se*"  a  very  light  shock  at  Los  Angeles,  Califor- 
nia.—  U,  S.  Weath,  Rev, 

Jan.  14. — At  Montevideo,  Uruguay,  a  little  after  7**  30"  the  sea 
suddenly  fell  so  that  bathers  were  able  to  reach  bottom  where  be- 
fore there  had  been  a  depth  of  three  metres.  Immediately  a  wave, 
coming  from  the  south-southwest,  rolled  upon  the  shore,  raising 
the  water  about  1.50™  above  its  mean  level.  The  phenomenon 
was  confined  to  the  immediate  vicinity  of  Montevideo,  not  being 
noticed  at  Buenos  Ayres  on  the  opposite  side  of  the  estuary.— 
Comptes  RenduSy  Feb.,  1884. 
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Jan.  18. — At  2^  a  moderate  earthquake  occurred  at  Contoocook, 
!^ew  Hampshire,  and  vicinity. 

Jan.  18. — At  about  8**  two  light  shocks  were  felt  on  the  southern 
joast  of  North  Carolina.  They  were  reported  from  Wilmington, 
few  River  Inlet,  Fort  Macon,  and  Beaufort,  and  ten  miles  east  of 
<»^ewberne,  and  also  along  the  railroad  connecting  Newberne  and 
Jeaufort.  They  were  sufficient  to  rattle  windows  and  crockery. 
\x  Fort  Macon  a  rumbling  sound  was  heard,  the  duration  was 
tated  as  three  or  four  seconds,  and  the  direction  southwest  to 
ortheast. 

Jan.  26. — Assistant  George  Davidson  .of  the  U.  S.  Coast  Survey 
eported  from  San  Francisco  that  at  19^  24",  "Earthquake  waves 
vere  indicated  by  the  levels  of  the  astronomical  instruments  of 
he  observatory.  The  amplitude  of  each  vibration  was  three 
;econds  of  arc  in  six  seconds  of  time  and  they  continued  for 
twenty  minutes." 

Jan.  27. — At  23^  30"  a  moderate  earthquake  occurred  in  Hum- 
boldt County,  CaL  Two  shocks  were  felt,  the  first  at  the  time 
above  stated,  the  second,  a  very  light  one,  about  five  minutes 
later.  They  were  preceded  and  lollowed  by  a  roaring  sound,  and 
were  reported  from  Eureka,  Hydesville,  and  Cape  Mendocino. 
At  the  latter  place  the  first  shock  was  sufficient  to  snake  buildings 
perceptibly  and  to  displace  light  articles.  The  direction  was 
variously  stated. 

Jan.  29. — Three  distinct  light  shocks  at  Rothesay,  nine  miles 
from  St.  Johns,  N.  B.     The  hour  not  stated. — JSF,  Y,  Times. 

Feb.  15. — About  6^  a  very  light  shock  at  Caledonia,  Miflsouri,  reported  by  B. 
F.  Chew  in  the  Saint  Louis  "Globe  Democrat,"  Feb.  20,  '84. 

Feb.  16. — At  9**  a  very  light  earthquake  at  Point  des  Monts, 
Quebec. —  Canadian  Meteorol,  Serv. 

March  2. — At  10**  20"  a  moderate  shock  in  Orchilla  Harbor,  in 
the  Caribbean  Sea,  and  another  lighter  one  at  4^  on  March  4  at 
the  same  place ;  reported  by  Captain  Holt  of  the  ship  "  David 
Stewart."-—./:  M.  A 

March  15. — At  3^  Ti^  a  very  Ught  shock  at  San  Franoisoo,  Gal.,  preceded  by  a 
loud  rumbling  noise. — H,  T.  Times, 

March  17. — ^At  14^  a  light  shock  at  North  Platte,  Nebraska. — 
U.  S.  Weath.  Rev. 

March  18. — Between  13"  30""  and  13*»  46°  a  moderate  earth- 
quake occurred  in  Southeastern  Newfoundland.  It  extended 
from  St.  John,  where  it  was  only  slightly  felt,  northwestward  to 
Trinity,  a  distance  of  about  sixty-five  miles,  being  reported  in  the 
btervening  country  from  Hearts  Content,  Harbor  Grace,  Roberts, 
Brigus  Bay,  and  Holyrood.     The  direction  was  north  to  south. 

March  26, — At  Ifi**  40™  a  severe  earthquake  shock  occurred  at 
San  Francisco,  Cal.,  and  vicinity,  followed  by  a  second  somewhat 
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lighter  shock  at  17^  17°^.  It  was  felt  along  the  coast  from  Santa 
Cruz  to  Petaluma,  a  distance  of  about  a  hundred  miles.  The  first 
shock  lasted  about  five  seconds,  the  other  about  two  seconds. 
The  direction  was  north  and  south.  In  San  Francisco  some 
houses  were  seriously  injured,  the  walls  being  cracked  so  as  to 
render  them  unsafe.  It  was  severely  felt  in  Oakland  and  Berke- 
ley on  the  east  side  of  San  Francisco  Bay. 

March  29. — In  the  evening  a  ligJU  shock  reported  in  Accomac  Gounty,  Virginii. 
—N.  F.  Times. 

March   31.— At  5**   a  light  shock  was  felt   at  Milledge?ille, 
Georgia. —  ZT.  S,  Weath.  JRev, 

March  31. — At  13^  thrse  very  light  shocks  reported  by  J.  W.  Hammit  at  Col* 
lege  Hill,  Hamilton  Ck>unt|r,  Ohio.— CT:  S,  Weath.  Rev.  • 

April  6. — At  6^  20°*  a  very  light  shock  felt  at  Eureka  andHydes- 
ville,  Humboldt  County,  Cal. 

April  8  and  11. —  Yery  light  shocks  in  the  morning  at  Eureka, 
Cal.—  U.  S.  Weath.  Bev. 

Aj)ril  11.— At  14^  10"  a  moderate  shock  at  Carson  City  and 
Virginia  City,  Nevada ;  duration  three  seconds ;  vibration  north- 
west to  southeast. 

April  17.— At  21^  lO'l  a  light  shock  at  Oakland,  Cal.,  accom. 
panied  by  a  rumbling  noise ;  vibration  northwest  to  southeait— 
U.  S.  Weath.  Bev. 

April  20.— At  W  30°*  a  very  light  shock  at  Oakland,  Cal.-K 
8.  Weath,  Bev. 

April  21.— At  9**,  the  schooner  "M.  A.  Nutter,'*  when  in  lat. 
21°  6'  N.,  long.  61°  44'  W.  "was  shaken  from  stem  to  stem  by 
the  shock  of  an  earthquake,  apparently  from  the  westward."  The 
position  given  is  in  deep  water  (about  3000  fathoms),  aboat  200 
miles  northeast  of  Sombrero,  Windward  Islands. 

A.pril  30.-— At  %^  46».  at  Ogreeta,  Cheroke*  County,  North  Carolint,  alow 
rumbling  sound  of  earthquake  was  heard,  apparently  from  the  north.  No  tremor 
was  reported. —  U.  S.  Weath.  Rev. 

June  6. — At  \^  two  strong  shocks  were  felt  at  Red  Bluff,  Cali- 
fornia, each  of  about  one  second's  duration  and  with  an  interval  of 
three  or  four  seconds.  The  shock  caused  the  wall  of  a  brick 
building  to  crack.     The  direction  was  east  to  west. 

June  1 2. — At  8^  43"  a  strong  shock  is  reported  by  Capt  C.  F. 
Swan  to  have  been  lelt  on  the  sliip  *'  City  of  Brooklyn"  when  io 
lat.  40°  24'  N.,  long.  125°  50'  W.,  being  in  the  Pacific  Ocean, 
about  76  miles  west  of  Cape  Mendocino,  Cal.  It  "  caused  the 
vessel  to  shake  as  though  she  had  struck  a  reef." 

June  16.— At  10^  48°^  a  shock  was  felt  at  Los  Angeles,  Cal, 
vibrations  north  to  south;  duration  about  two  seconds. —  U.S. 
Weath.  Bev, 

July  16. — About  daylight  a  very  light  shock  reported  at  Sao 
Francisco,  Cal. ;  vibration  east  to  west. —  U,  S,  Weath.  Bev. 
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. — About  1"  three  very  light  ahooks  at  Santa  Barbara, 

rery  light  shock  also  on  the  night  of  the  2d-3d. —  U.  S. 

Rev. 

, — About  23"  a  very  tight  shock  at  Tuckemuck,  near  NaD- 

hich  was  reported  to  me  by  Prof.  E.  S.  Morse,  of  Salem, 

0. — About  14"  7.3"  a  strong  earthquake  occurred  in  New 
and  the  Middle  States,  a  preliminary  notice  of  which  has 
ppeared  in  this  Journal  {xxviii,  242). 

estigating  the  area  affected  by  this  shock,  215  report- 
ma  were  marked  upon  the  map,  a  reduced  copy  of 
companies  these  notes.     The  stations  were  marked  in 
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such  a  way  as  to  indicate  the  intensity  at  each,  according  to  the 
adopted  scale,  as  inferred  from  the  reported  phenomena,  and 
three  curves  of  intensity  were  drawn.     The  largest  curve  in- 
cludes all  stations  reporting  except  Titusville,  Pa.     The  next 
curve  includes  all  those  where  the  intensity  reached  III,  except 
Boston,  Mass.,  and  Rutland,  Vt.     The  inner  curve  includes  all 
those  reaching  IV.     The  only  places  where  the  reported  in- 
tensity reachea  V  were  Jamaica  and  Amityville  in  the  western 
part  of  Long   Island.     At  Jamaica  it  was   stated   that    ''the 
walls  of  the  Presbyterian  Sunday  School  were  cracked  in  two 
places,  the  openings  being  from  one  to  two  inches  in  width  and 
extending  from  the  roof  to  the  foundation."     At  Amityville 
it  was  reported  that  "  a  large  mirror  which  reached  from  the 
ceiling  to  the  floor  was  cracked  from  the  top  to  the  bottom  and 
the  walls  of  the  room  were  cracked  in  two  places.     A  broom 
handle  can  be  laid  in  the  cracks  in  the  walls. 

The  boundary  of  the  largest  area  passes  from  the  coast  near 
Portsmouth,  N.  H.,  to  Burlington,  Vt.,  then  turning  sharply 
southwest  passes  about  midway  between  tJticaand  Schenectady, 
N.  Y.,  a  little  east  of  Binghamton,  N.  Y.,  west  of  Williams- 
port,  Pa.,  east  of  Chambersburg,  Pn.,  south  of  Mechaniestown 
and  Baltimore,  Md.,  and  so  eastward  to  the  coast  again  at 
Atlantic  City,  N.  J.,  enclosing  a  land  area  of  about  70,000 
square  miles.  The  area  of  intensity  IV  is  nearly  elliptical,  its 
longer  axis  extending  from  Hartford,  Conn.,  to  West  Chester, 
Pa.,  and  havin<<  its  centre  near  New  York,  being  about  200 
miles  long  by  70  miles  wide.  The  long  axis  of  this  ellipse  is 
closely  parallel  to  the  general  direction  of  the  Appalachian 
chain  in  this  region.  At  thirty  places  within  this  area,  fallen 
bricks,  cracked  plaster,  etc.,  testified  to  the  power  of  the  earth- 
quake. The  shock  was  reported  from  Titusville  in  northwest- 
ern Pennsylvania,  but  was  apparently  not  felt  at  any  other 
place  in  that  direction  beyond  Williamsport. 

The  time  observations  which  appear  most  reliable  are  given 
in  the  following  table: 


Place. 

Obsxbtxb. 

TlMX  AFTKB  14  b. 

Shelter  Island.  (L.  I.) 
Soabright,  N.  J. 
Asbury  Park,  N.  J. 
Point  Pleasant,  N.  J. 
Morristowu,  X.  J. 
Prince  I  on,  N.  J. 

N.  Y. 

Prof.  Horsford. 

(?) 
W.  D.  Johnson. 

Prof.  H.  A.  Newton. 

0.  G.  Rockwood. 

Prof.  C.  A.  Young. 

6™  .30». 
G"*  60«. 

7"'. 

T™  3"  to  T™  7«  ±  2  or  3'. 

7™. 

7"  30»  ±  4  or  5'. 

Germantown,  Pa. 

Brookljm  Heights,  N. 
Stone  Ridge,  N.  Y. 
New  Haven,  COnn. 
Harvard  College. 

Y. 

W.  F.  Burr. 
/  P.  M.  Reese. 
S.  McKlroy. 
Prof.  I.  K.  Hasbrouck. 
L.  Waldo. 
Prof.  Pickering. 

7™  20«  to  7"  30«  ±  2'. 
S™  30«. 

7™  25«. 
7"»  15«. 
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'hese  do  not  indicate  with  any  certainty  a  progressive  motion 
:i  any  centre.  Assuming  the  shock,  therefore,  to  have  been 
itically  simultaneous  at  these  stations,  the  mean  of  these 
;s,  or  14^  7™  18*,  would  be  the  time  of  the  beginning  of  the 
hquake  as  nearly  as  it  can  be  ascertained, 
he  directions  reported  at  fifty-nine  stations  were  plotted 
examined.     They  are  as  follows : 

Northwest  and  southeast 7 

North  and  south -....  19 

Northeast  and  southwest _.  19 

East  and  west 14 

only  inference  that  can   be  drawn   from  this  statement  is 

the  propagation  was  in  a  northeast-southwest  direction  or 
reverse,  since  the  number  of  northwest-southeast  observa- 
s  is  notably  less  than  the  others.  An  examination  of  the 
'  at  once  indicates  that  the  cause  of  this  earthquake  is  to  be 
jht  in  the  vicinity  of  New  York  City.  The  center  of  the 
r  curve  falls  in  northeastern  New  Jersey,  where  are  sev- 

dykes  of  trap  rock,  prominent  among  which  is  the  one 
ling  the  Palisades,  on  the  west  bank  of  the  lower  Hudson, 
which  is  continued  southward  in  Bergen  Hill  to  its  end  in 
en  Island.     Nor  is  the  presence  of  these  trap  dykes  the 

indication  that  the  vicinity  of  New  York  Bay  has  been  a 
irbed  area  in  past  geological  time.  The  fact  that  here  is 
lowest  part  of  the  grand  Appalachian  chain,  which  reaches 
h  greater  elevations  in  theCatskills  and  the  Green  Moun- 
\  to  the  north,  and  in  the  Alleghanies  to  the  south ;  the 
jction  of  the  plumb  line,  which  here  is  toward  the  ocean 
»d  of  toward  the  mountains ;  the  presence  of  the  bay 
f,  intensified  by  the  strange  depression  or  valley  in  the 
n  bottom  extending  seaward  from  Sandy  Hook,  as  shown 
he  relief  model  exhibited  by  Professor  Hilgard  at  the 
adelphia  meeting  of  the  American  Association  last  sum- 
;  the  comparative  frequency  of  slight  earthquakes  in  this 
hborhood;  all  these  point  to  a  condition  of  the  subjacent 
<a  favorable  to  the  occurrence  of  fractures  and  faults, 
;h  would  give  rise  to  the  surface  phenomena  of  an  earth- 
ie.  While  the  observations  in  the  present  case  are  not 
ciently  precise  to  locate  such  a  fracture  exactly,  the  gen- 
inference  that  this  earthquake  was  due  to  some  rupture  of 
strata  underlying  the  immediate  neighborhood  of  New 
k  seems  sufficiently  well  substantiated.  The  observations 
lirection  pointing  to  a  more  decided  vibration  in  a  north- 
southwest  direction,  and  the  longer  axis  of  the  smaller 
isity  curve  trending  in  the  same  general  direction,  would 
3ate  that  the  line  of  the  fracture  was  northwest- and  south- 

ja  direction  which  is  at  right  angles  to  the  trend  of  the 
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trap  dykes,  as  also  to  the  strike  of  the  sedimentarj  strata,  and 
parallel  to  that  of  the  submarioe  valley  spoken  of  above. 

Much  time  haa  already  been  given  to  the  study  of  the  mate- 
ria) gathered  in  rc^tird  to  this  earthquake,  the  genera)  codcIq- 
sions  of  which  have  been  stated,  and  the  hope  is  still  enier 
tained  of  publishing  in  due  time  a  more  detailed  discueajoa 
accompanied  by  ii  larger  map. 

There  were  sundry  reports  of  light  succeeding  shocks  ai 
various  hours  on  the  11th,  but  none  were  confirmed  by  two 
observers,  and  all  were  apparently  due  to  the  excited  imagina- 
tion of  the  public. 

Aug,  24. — At  19"  43"  a  light  eaithquake,  rattling  windows 
and  accompanied  by  a  low  rumbling  sound,  occurred  at  Enoz- 
ville,  Tennessee,  and  vicinity. 

Sept.  10. — An  earthquake  at  Lima,  Peru,  called  in  news^per 
reports  "  a  strong  shock,"  but  no  damage  reported. — J.  M.  B. 

Sept.  19. — At  14°  14-2'°  central  standard  time,  a  moderatt 
earthquake  was  fett  in  Ohio  and  Indiana  and  portions  of  tbe 
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adjacent  States.  From  the  accompanying  plan  formed  by  mark- 
ing on  the  map  the  positions  of  one  hundred  and  two  places 
vhere  it  was  reported  to  have  been  felt,  its  principal  area  is  seen 
to  be  approximately  defined  by  the  following  chain  of  cities,  viz : 
Lonisville,  Ky.,  Parkersburg  and  Wheeling,  West  Va.,  London, 
Ont.,  Bay  City  and  Grand  Rapids,  Mich.,  Michigan  City  and 
Lafayette,  Ind.  A  curved  line  enclosing  these  places  would  in- 
clude a  nearly  circular  area,  with  a  diameter  of  about  four  hun- 
dred miles  and  whose  center  is  a  little  east  of  Lima,  Ohio ;  and 
within  this  area  the  reporting  stations  are  seen  to  be  thickly 
crowded.  Reports  from  Cedar  Rapids  and  Dubuque,  Iowa,  men- 
tion tremors  noticed  by  a  few  persons  there,  and  corresponding 
approximately  in  time  with  this  shock ;  while  a  few  persons 
claimed  to  have  felt  it  faintly  in  Washington,  D.  C.  Among  the 
latter  were  workmen  on  the  top  of  the  vVashington  Monument^ 
at  that  time  about  500  feet  high.  These  last  places  are  far  out- 
side of  the  boundaries  given  above.  Within  these  lines  the 
shock  was  evidently  not  of  equal  intensity  in  all  places.  At 
Indianapolis  and  at  Vevay,  Lawrenceburgh,  Connersville  and 
Winchester,  all  in  the  southeastern  corner  of  Indiana;  at' Cincin- 
nati, Urbana,  Findlay  and  Cecil  in  Western  Ohio  ;  at  Columbus, 
Millersbure  and  Cleveland  in  Central  and  Northern  Ohio;  as 
also  at  Parkersburg,  West  Va.  and  at  East  Saginaw,  Mich.,  there 
were  reports  of  swaying  chandeliers,  displaced  furniture,  etc.,  in- 
dicating an  intensity  reaching  III.  of  our  scale.  All  these  places 
except  the  last  two  are  in  the  middle  portion  of  the  disturbed 
area,  and  would  be  within  an  elliptical  area  with  a  major  axis  of 
about  300  miles  directed  approximately  northeast  and  southwest, 
aod  a  minor  axis  about  half  as  great.  This  inner  curve  is  not 
symmetrically  placed  with  respect  to  the  outer  one,  its  center 
falling  about  thirty  miles  south  of  that  of  the  larger  area  and 
near  the  town  of  Belle  Fontaine,  Ohio.  Outside  of  this  area, 
except  at  the  two  places  mentioned,  the  reported  phenomena  no- 
where indicate  an  intensity  greater  than  II  of  our  scale. 

The  time  given  above  is  the  mean  of  twelve  reports  in 
•rhich  the  time  given  was  directly  stated  to  be  either  "stan- 
dard "  or  "  local."  These  are  contained  in  the  annexed  table, 
in  which,  for  the  last  eight  places,  the  dates  have  been  reduced 
[rem  local  time  to  the  standard  time  of  90°  west  longitude. 


Shelbyville.  Ind. . . 

Metamora,  Ind 

Arehbold,  0 

Ck>&hoctoD,  0 

Indianapolifl,  Ind.. 

Toledo,  0 

dncinnati,  0 


h.  m. 

2.15  P.  M. 

2.16 

2.13 

2.15 

2.14 

2.16 

2.15 


Columbus,  0. 

Cleveland.  0 

Newark,  0 

Detroit,  Mich 

E.  Saginaw,  Mich. 

Mean, 


h.  m. 
2.14  P.  H. 

2.14 
2.15 
2.13 
2.11 

2.14.2 


At  many  other  places  time  was  reported  but  without  indi- 
cating to  what  standard  it  was  referred. 
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At  many  places  two  or  three  distinct  vibrations  were  noted, 
and  the  duration  was  variously  estimated  from  three  to  thirtj 
seconds.  Notes  of  the  direction  of  vibration  are  given  at 
comparatively  few  places  and  present  nothing  of  interest  At 
Columbus,  O.,  chandeliers  were  observed  to  sway  from  north 
to  south,  the  motion  continuing  for  at  least  two  minutes. 

In  seeking  for  a  possible  connection  between  this  earthquake 
and  the  geology  or  the  region,  we  at  once  meet  with  a  verj 
suggestive  fact.  Crossing  the  western  part  of  Ohio  is  an  anti- 
clinal, known  in  the  geology  of  the  State  as  the  Cincinnati 
arch.*  Its  axis  or  crest  is  traced  from  south  to  north  through 
Tennessee  and  Kentucky,  crosses  the  Ohio  River  a  little  east  of 
Cincinnati,  extends  in  a  direction  somewhat  east  of  north, 

f)assing  near  and  a  little  east  of  Belle  Fontaine,  and  reaches  the 
ake  shore  between  Toledo  and  Sandusky,  some  fifteen  or 
twenty  miles  east  of  the  former.  It  probably  finds  its  continu- 
ation in  some  islands  in  Lake  Erie.  Its  bearing  is  nearly  par- 
allel to  that  of  the  folds  of  the  Alleghanies.  The  rocks 
composing  this  arch  are  the  Lower  Silurian  limestones,  espe- 
cially those  known  as  the  Cincinnati  group,  which  occupy 
the  crown  as  far  as  Dayton,  while  farther  north  these  are  over- 
laid by  the  Niagara  and  later  deposits.  Professor  Newberry  f 
regards  this  arch  as  having  been  upraised  between  the  Lower 
and  Upper  Silurian  ages,  but  as  having  continued  to  be  a  line 
of  disturbance  through  several  succeeding  geological  ages. 

I  have  tliouglit  it  worth  while  to  state  thus  some  of  the  facts 
in  regard  to  this  Cincinnati  arch,  because  its  axis  crosses  so 
exactly  over  the  centers  both  of  the  larger  area  of  disturbance 
and  of  the  smaller  area  of  increased  intensity  of  this  earth- 
quake as  described  above,  and  the  direction  of  this  axis 
a|)proaches  so  nearly  to  that  of  the  long  axis  of  the  smaller 
earthquake  area,  that  a  physical  connection  between  the  two 
phenomena  is  at  once  suggested.  It  is  natural  to  infer  that 
this  anticlinal  arch  is  still  in  a  state  of  strain  and  that  the 
earthquake  of  September  19th  was  the  direct  result  of  some 
giving  way  or  snap  of  the  strata  forming  it,  causing  a  new 
fault  somewhere  near  Belle  Fontaine.  It  would  be  interesting 
in  this  connection  to  know  if  there  have  been  any  signs  of 
recent  changes  of  level  in  that  region,  or  anything  else  to  indi- 
cate that  the  upheaval  of  this  arch  may  be  siill  in  slow 
progress. 

Sept.  21. — Between  22*'  and  23''  lu/ht  shocks  were  felt  at  Xe\r 
Taconia,  Washington  Ter. —  U.  S.   Weath.  Rev, 

Sept.  20.— At  22*^  53'"  a  light  shock  was  felt  at  Fort  Yuma, 
Arizona,  duration  ten  seconds,  vibration  south    to  north.     -An- 

♦  Geological  Survey  of  Ohio,  vol.  i. 

\  Geol.  S\irv.  o(  Ohio,  vol  i,  pp.  103,  106. 
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ler  very  light  shock  was  felt  about  3^  of  the  27th. —  U.  S. 
'eath.  Rev. 

Oct.  2. — Two  light  shocks  occurred  at  Rivas,  Nicaragua,  the 
it  at  14^  32™,  of  two  seconds  duration,  the  second  after  16**  of 
out  three  seconds  duration.  The  latter  was  also  reported  as 
ongly  felt  at  San  Juan  del  Sur  at  16''.  The  district  of  Rivas, 
lere  these  places  are  situated,  occupies  the  coautry,  about 
rty  miles  wide,  between  Lake  Nicaragua  and  the  Pacific  Ocean. 

Oct.  1 0. — In  the  early  morning  a  very  light  shock  at  Roxbary 
d  West  Newton,  Mass.,  and  vicinity. — J,  M.  B. 

Oct.  22. — At  15**  34™  a  light  shock  at  Los  Angeles,  Cal. —  U.  JS. 
^eath.  Rev. 

Oct.  24. — At  0**  15™  a  very  light  shock  at  Huntingdon,  Quebec. 

Canadian  Met.  Serv. 

3ct.  26. — Shortly  after  20*'  a  very  light  shock  was  felt  at  Nashua,  N.  H.  There 
s  a  noise  as  of  a  heavy  explosion  followed  by  a  low  rumbliug  sound.  The 
leral  direction  of  the  tremor  was  from  southwest  to  northeast,  and  it  continued 
r  or  five  secouds. — J.  M.  B. 

Nov.  4. — The  ship  "  Occidental "  reported  that  at  18^,  when 
0  miles  off  Cape  Mendocino,  Cal.,  three  shocks  of  earthquake 
jre  felt,  followed  a  few  hours  later  by  two  heavier  ones. —  U.  S. 
^eath.  Rev. 

Nov.  5. — A  destructive  earthquake  occurred  on  the  isthmus  of 
nama,  in  which  Aquadas  and  Pacoria  suffered  severely, 
arches,  public  edifices  and  private  houses  being  overthrown, 
th  damages  estimated  from  $250,000  to  $400 fiOO.— Newark  {N. 
Daily  Advertiser. 

S^ov.  6. — ^Despatches  from  Buenaventura,  States  of  Colombia, 

>ort  that  a  severe  earthquake  was  felt  on  the  night  of  the  6th 

Cali  and  other  towns  in  the  Southern  States.     The  church  of 

II   Pedro  at  Cali  was  wrecked    and  other  baildings   suffered 

erely. 

[t  is  possible  that  the  last  two  items  may  refer  to  the  same 
jurrence.     The  hour  was  not  stated  in  either  case. 

Nov.  9. — About  2^  a  strong  earthquake  was  felt  at  Fort 
ido^er,  Wyoming,  at  Salt  Lake  City,  Utah,  and  at  Paris,  Idaho. 
,  Fort  Bridger  "  telegraph  wires  swung  perceptibly,"  the  dura- 
Mi  was  five  to  ten  seconds  and  the  direction  west  to  east.  At 
iris  six  shocks  were  reported  between  2**  and  4^.  Here  also 
considerable  damage  to  houses  is  reported  and  people  were 
ected  by  sea-sickness."  The  notes  in  regard  to  Salt  Lake  City 
id  Paris  are  from  the  Kansas  City  Review  of  Science,  where 
e  date  is  given  Nov.  10.  But  both  accounts  seem  evidently  to 
Per  to  the  same  occurrence  which  is  known  to  have  occurred  on 
3V.  9  at  Fort  Bridger. 

Nov.  12. — About  19^  50™  a  light  earthquake  occurred  in 
uthern  New  Hampshire,  being  reported  from  Concord,  Hop- 
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kinton,  Bradford  and  Warner  in  Merrimack  County,  and  Hills- 
borough and  Antrim  in  Hillsborough  County. 

Nov.  12. — ^The  self-registering  tide  guage  at  Sancelito,  Cal., 
recorded  a  series  of  waves  probably  due  to  a  submarine  earth- 
quake. They  are  thus  described  in  the  San  Francisco  Evening 
Bulletin  of  Dec.  13.  "  They  commenced  at  eight  o'clock  in  the 
morning  and  ended  at  eleven.  There  are  nine  well-m.arked  cresu 
in  two  and  a  half  hours  or  only  seventeen  minutes  apart.  They 
are  only  two  or  three  inches  in  height  but  maintain  the  charac- 
teristic earthquake  features,  in  plain  contrast  with  the  breaking 
bar  markings,  which  are  very  sharp  and  frequent.  It  would  ap- 
pear from  the  height  and  length  of  the  waves  that  this  submarine 
earthquake  took  place  near  our  coast  and  was  not  violent." 

Nov.  13. — The  so-called  earthquake  reported  on  this  date  in  Essex  Goantj, 
Ontario,  was  caused  by  an  explosion  of  powder  at  Toledo,  Ohio. 

Nov.  21. — In  the  evening  several  places  on  both  sides  of  the 
St.  Lawrence  River;  between  St.  Fiavie,  Kamouraska  Co.,  and 
6asp6,  a  distance  of  about  250  miles,  were  visited  by  a  light 
earthquake.  The  vibration  lasted  45  or  50  seconds,  but  did  do 
damage,  although  creating  alarm. 

Nov.  22. — At  7**  13™  a  destructive  earthquake  occurred  at 
Lima,  Peru,  and  vicinity.  The  motion  was  from  southwest  to 
northeast.  At  Callao  portions  of  the  cliff  were  shaken  down 
upon  the  beach.  The  walls  of  many  houses  were  cracked  and 
some  were  shaken  down.  At  Chorillos  a  series  of  cracks  were 
opened  nine  yards  from  the  edge  of  the  cliff. 

Nov.  23. — At  0^  30"^  a  strong  earthquake  occurred  in  New 
Hampshire,  Eastern  Massachusetts  and  Connecticut.  At  Con- 
cord, N.  H.,  a  light  shock  was  followed  by  a  heavier  one  sixteen 
minutes  later,  direction  west  to  east,  accompanied  by  a  rumbling 
noise  loud  enough  to  awaken  people.  At  Henniker,  N.  H.,  the 
foundation  of  a  boiler  was  displaced.  It  was  "extensively  felt  in 
that  part  of  the  Stato."  It  was  reported  as  lightly  but  distinctly 
felt  at  Plymouth,  Grafton  Co.,  N.  H.,  at  New  Ipswich  and  Glif- 
tondale,  Essex  Co.,  at  Cambridge  and  at  Holden,  Worcester  Co., 
Mass.,  and  at  Hartford  and  Mansfield,  (Jonn.  At  the  last-Daraed 
place  seven  or  eight  shocks  were  noted  in  rapid  succession,  in- 
creasing in  intensity  from  first  to  last.  The  time  of  the  occur- 
rence, a  half  hour  after  midnight,  will  probably  account  for  its 
not  having  been  more  generally  noticed  at  intervening  places. 

Nov.  29. — About  23''  a  light  shock  occurred  in  Western  Ten- 
nessee, reported  from  Memphis,  Covington  and  Dyersburg.  The 
direction  was  generally  stated  as  west  to  east  or  southwest  to 
northeast,  duration  variously  given  from  five  seconds  to  a  minute. 
It  was  accompanied  by  a  rumbling  noise. 

Dec.  4. — At  C*  18""  a  very  light  shock  at  Northampton,  Mass. — BuU,  K.  Ehg. 
Met  .Soc. 

Dec.  17. — At  about  2^  a  light  shock  was  felt  at  Laconia  and 
Center  Harbor,  Belknap  Co.,  !N.  H. 
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The  above  list  contaios  fifty-four  items  not  counting  the  one  of 
fov.  )  3,  of  which  seven  are  in  small  type.  They  may  be  geo- 
raphically  classified  thus : 

Canadian  Provinces 6 

New  Kngland 9 

Atlantic  States •  6 

Mississippi  Valley 7 

Pacific  Coast 21 

West  Indies 2 

Central  America  and  Colombia 3 

Peru 2 

Uruguay  1 

65 
Deduct  for  Aug.  10,  counted  twice I 

54 

By  seasons  they  are  classified  thus  : 

Winter,  12  (Dec,  2;  Jan.,  8;  Feb.  2);  Spring,  16  (Mar.,  8; 
Lpr.,  7;  May,  0);  Summer,  8  (June,  4;  July,  0;  Aug.,  4);  Au- 
nmn,  19  (&ept,  4;  Oct,  6;  Nov.,  10);  Spring  and  Summer 
ogether,  23  ;  Autumn  and  Winter  together,  31. 

The  following  localities  were  shaken  on  two  or  more  days,  viz  : 

Los  Angeles,  Cal.,  Jan.  4,  Jan.'  16,  Oct.  22 ;  San  Francisco, 
fan.  25,  Mar.  15,  25,  July  15,  Nov.  12;  Oakland,  Cal.,  Mar.  25, 
^pril  17,  20;  Eureka,  Cal,  Jan.  27,  April  6,  8,  11;  Concord, 
N.  H.,  Aug.  10,  Nov.  12,  23. 

The  onlv  shocks  causing  much  damage  were  Nov.  5,  Panama ; 
!^ov.  6,  Colombia;  Nov.  22,  Lima,  and  Aug.  10,  Middle  States. 

Princeton,  March  28,  1885. 


Art.  LV. — Taconic  Bocks  and  Stratigraphy;  by 

James  D.  Dana. 

[Continued  from  page  222.] 

7.  Metamorphism  and  Mineral  Constitution  in  the  Taconic  Be- 
gion,  gradational  from  West  to  East  and  from  North  to  South. 

The  succession  in  the  different  lithological  areas  exhibited 
m  the  map  of  the  southern  portion  of  the  Taconic  region  (pub- 
ished  witn  the  preceding  part  of  this  paper)  is  as  follows, 
>^nning  on  the  west: 

(1.)  Winchell's  Ridge  of  schist  and  other  small  ridges  in 
yopake  north  of  it 

(2.)  The  western  belt  of  limestone,  passing  through  Copake 
.nd  Millerton. 

(3.)  The  limestone  area  in  Salisbury,  with  its  isolated  schist 
idges,  extending  eastward  to  the  Housatonic  River  and  con- 
inued  across  the  river  far  into  Canaan  (the  river  being  the 
olitical  boundary  between  the  two  towns). 

(4.)  Schist  to  the  eastward  of  the  outcropping  limestone  in 
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Canaan  mountain,  and  probably  part  of  that  of  other  eastern 
ridges. 

The  underlying  position  of  the  limestone  was  proved  by  the 
fact  of  universal  eastward  dips  in  the  schist  and  limestone  on 
the  west  side  of  the  various  schist  ridejes  and  the  occurrence 
of  westward  dips  along  the  east  side  of  Mt  Washington,  the 
two  concurrent  facts  proving  that  the  mountain  is  synclinal  in 
structure;  and  also  by  stratigraphical  sections  from  other 
ridges.  In  view  of  this  underlying  position  over  the  whole 
breadth  of  the  region  from  Canaan  mountain  to  Winchell  moun- 
tain, and  the  actual  continuity  of  the  limestone  over  Salisbury 
and  Canaan,  and  over  the  adjoining  towns  north  in  Massachu- 
setts, it  was  concluded  that  the  limestone,  with  some  intercala- 
tions of  schist,  was  one  continuous  stratum  or  formation.  By 
similar  evidence  it  was  shown  that  the  overlying  schist  be- 
longed to  one  continuous  stratum. 

I  have  given  no  descriptions  of  the  iron-ore  deposits  along 
the  marginal  portions  of  the  limestone  areas  because  they  are 
of  secondary  origin.  But  it  is  to  be  noted  that  if  the  view  of 
their  origin  which  I  believe  to  be  sustained  by  the  facts*  is 
correct,  they  prove  that  during  the  transition  from  the  making 
of  the  limestone  to  that  of  earthy  sedimentary  deposition  there 
were  in  some  parts  conditions  favorable  to  ferriferous  deposi- 
tions over  the  calcareous  sediment ;  in  other  words,  there  were 
great  sea-border  marshes  or  basins  to  receive  contributions 
from  iron-bearing  waters.  These  depositions,  however,  were 
local,  as  such  always  are,  and  are  very  far  from  indicating  the 
presence  of  a  universal  stratum  of  more  or  less  ferriferous 
limestone  (with  some  included  iron  carbonate)  adjoining  the 
stratum  or  strata  of  schist  Yet  it  is  true  that  the  adjoining 
portion  of  the  limestone,  sometimes  for  scores  of  feet  in  thick- 
ness, is  generally  very  impure  from  mixture  with  the  materials 
of  the  schist. 

The  several  ore-pits  are  designated  on  the  map  by  letters;  I 
give  here  their  names,  adding  an  asterisk  to  those  that  were 
worked  in  1884. 

In  Salisbury:  ^,  Ore-Hill*;  c,  Chatfield*;  cf,  Porter;  e, 
Forbes* ;  /,  Clarke's  ;  ^,  a  partial  opening ;  A,  Scoville's,  the  ore 
mostly  manganese  oxide,  and  accompanied  sparingly  by  the  min- 
eral Scovillite ;  e,  Camp's.  In  Sheffield:  j^  Little's.  In  New 
York:  k^  Copake*,  or  Miles's;  /,  Weed's*;  m,  Couch;  «,  Mt 
Riga*,  or  Cheaver ;  o  (in  Ancram),  Reynolds ;  a,  Millerton  or 
Maltby.* 

We  have  now  to  consider  the  variations  in  degree  o/metamoT' 
phism^  and  in  mineral  constitution  in  these  two  strata  on 
going  over  tlie  region  from  west  to  east  and  from  north  to 
south. 

*  This  Journal,  xxviii,  398,  Nov.  1684. 
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1.  The  Schist  with  the  Quabtztte, 

The  schist  of  the  region  varies  from  very  fine-grained  thin- 
si  le  glossy  hydromica  (or  sericite)  schist  to  coarsish  mica 
hist  containing  garnets  and  staurolites;  and  toward  the  east, 
arenaceous  or  quartzytic  mica  schist  without  staurolite,  and 
ostly  without  garnets.  Each  of  the  rocks  contains  dissem- 
atea  magnetite,  and  often  pyrite,  and  sometimes  these  min- 
als  are  in  distinct  crystals.  Minute  brown  or  brownish 
urmalines  also  are  found  sparingly  in  all  the  kinds. 
The  term  quarizose  or  quartzytic  is  used  beyond  synony- 
ously  with  arenaceous,  it  referring  to  the  occurrence  of  quartz 
rains  in  the  schist  and  not  to  vein  quartz.  In  the  hydromica 
id  mica  schist  the  grains  lie  in  small,  thin  or  thick,  interrupted 
,yers  between  the  leaves  of  the  schist,  as  if  deposited  like  the 
iterrupted  laminations  of  sand  in  some  river- valley  clays; 
ley  vary  in  length  from  an  inch  to  many  feet,  and  in  thick- 
ess  from  y^th  of  an  inch  and  less,  to  ^  inch  or  more;  they 
re  smallest  in  the  finest  of  the  slate. 

The  facts  mentioned  below  are  from  both  macroscopic  and 
microscopic  examinations. 

^.  Section  through  the  Southern  part  of  Mt  Washington  from 
Winchell  Mountain  to  Canaan  Mountain. 

1.  Mi.  Winchell. — At  the  summit  of  Mt  Winchell  the  rock 
3  thin-fissile  hydromica  (or  sericite)  schist.  It  consists  chiefiy 
i  muscovite  mica  in  minute  scales  about  yj^  to  ^^  inch 
cross,  and  has  the  fusibility  of  the  mica.  Biotite  mica  is  rare. 
Quartz  grains  are  sparingly  present  in  delicate  interlamina- 
Lons,  as  seen  in  a  transverse  section.  Minute  tourmalines 
ftther  rare.  Chlorite  not  observed  either  macroscopically  or 
1  the  thin  slices.  At  the  eastern  foot  of  Mt.  Winchell  the 
Dck  is  the  same,  but  slightly  coarser  and  often  a  little  crum- 
led  (from  pressure).  Muscovite  scales  are  mostly  y^  to  tj^ 
ich  across;  some  biotite  scales  occur  -^  to  y-hr  ^"^^  across 
nd  generally  grouped. 

2.  West  side  of  Mt.  Washington. — North  of  Millerton — about 
mile  east  of  the  base  of  Winchell  mountain — the  rock  is  a 
ery  fine-grained  mica  schist,  consisting  chiefly  of  muscovite, 
rith  little  chlorite;  muscovite  scales  mostly -jiy  to  ^hf  J"ch; 
he  biotite  scales  larger.  Quartz  grains  in  thin  interlami nation 
•ften  making  up  a  fourth  or  more  of  the  thickness.  Garnets 
re  few  and  small,  or  absent;  orthoclase  feldspar  is  found  in 
<;casional  grains;  staurolites  are  absent 

3.  Must  side  of  Mt.  Washington,  in  Salisbury. — The  schist  is  a 
oarsish  muscovite  mica  schist  with  some  biotite  and  usually 
lo  chlorite ;  muscovite  scales  about  -yiir  ^^  ^  inch,  and  biotite 
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^  to  ^  inch.  Interlaminations  of  quartz  generally  make  more 
than  a  fourth  of  the  thickness.  Garnets  are  abundant,  iV  ^  i 
inch.  Staurolite  crystals  abundant  in  some  portions,  |^  to  4 
inch  long  and  less.  Orthoclase  sparingly  present.  Minate 
tourmalines  of  occasional  occurrence  both  in  the  quartz  seami 
and  the  micaceous  portion. 

4.  Three  miles  east  of  Mi.  Washington  on  the  eastern  border  af 
Salisbury. — The  schist  is  similar  to  the  preceding  but  some* 
what  coarser;  muscovite  scales  ^^  inch  and  less;  biotite  more 
common  than  in  the  Mt.  Washington  schist  Interlaminatiooa 
of  quartz  often  make  half  the  thickness  of  the  schist.  Giurneta 
abundant  and  staurolites  common  in  many  layers,  \  to  finch 
long,  mostly  J  inch. 

5.  East  of  the  Housatonic  {and  of  Salisbury)  in  Canaan. — The 
schist  is  partly  normal  mica  schist,  but  generally  a  very 
arenaceous  or  quartzytic  mica  schist,  the  quartz  f ths  to  -^tbi 
and  more  of  the  material;  the  mica  mostly  biotite,  but  in 
some  small  portions  muscovite  predominates.  Garnets  are  few 
and  small,  or  absent 

Quartzyte  in  strata  occurs  with  the  schist,  both  the  fragile 
bedded  kind  and  the  hard  massive.  It  consists  of  qunrtz 
grains  with  some  orthoclase  and  microcline,  often  some  mica, 
not  unfrequently  minute  tourmalines. 

The  schist  and  quartzyte  contain  no  staurolites.  This  fact  com- 
ports with  the  constitution  of  this  mineral,  which  ordinarily 
contains  less  than  31  per  cent  of  silica  and  over  48  of  alumina. 

Going  farther  east  in  Canaan  mountain  the  schist  changes  to 
a  normal  mica  schist 

B.  Section  through  the  northern   part  of  ML    Washington  from 
Onpake  through  Sheffield  commencing  at  the  west. 

1.  In  Gopake,  New  York. — The  schist  of  the  small  ridges 
north  of  Winchell  Mountain  is  a  very  thin  fissile  hydromica 
(or  sericite)  schist,  like  the  Winchell  slate,  but  of  finer  grain; 
looks  like  a  smooth,  glossy  roofing  slate.     Contains  no  garneta. 

2.  West  side  of  Mount  Washington^  near  CopaJce  Furnace,— 
The  rock  is  a  greenish  or  cliloritic  hydromica  schist,  with  also 
mica  schist     It  is  sparingly  garnetiferous ;  without  staurolites. 

3.  East  side  of  Mount  Washington  in  Sheffield. — The  schist  is 
like  that  on  the  west  side,  but  it  is  coarser,  and  a  larger  partis 
true  mica  schist  It  contains  garnets,  but  no  staurolites  were 
found.     Minute  tourmalines  occur  in  it 

4.  Three  miles  east  of  Mt.  Washington  near  the  village  of  She/- 
fields  west  of  the  Housaiomc. — The  schist  is  a  coarsish  mica 
schist,  garnetiferous,  and  containing  small  staurolites.     It  re- 
sembles the  schist  of  the  southern  part  of  the  east  side  of  Mt 
Washington  in  its  degree  of  fineness  and  in  its  staurolites,  and 
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is  less  coarse  than  that  directly  south  in  Salisbury,  near  Lime- 
rock  Station. 

5.  East  of  Sheffield  village^  and  of  the  Housatonic  River. — The 
flchist  is  the  same  arenaceotia  mica  schist  that  occurs  to  the 
aoath  in  Canaan,  and,  as  there,  it  alternates  with,  and  often 

Sradaates  into  a  great  formation  of  quartzyte.  North  of  Shef- 
eld  village,  west  of  the  Housatonic,  the  same  quartzyte,  partly 
micaceous,  constitutes  the  south  end  of  a  ridge  that  extends 
north  into  Great  Barrington. 

C.   Conclusion, 

The  facts  here  reviewed  relate,  it  should  be  remembered,  to 
a  single  stratum,  that  overlying  the  limestone.  Since  the 
change  from  west  to  east  is  so  strongly  marked  even  in  Mt. 
Washington,  only  five  miles  broad,  and  in  one  and  the  same 
lower  portion  of  the  schist,  or  that  directly  over  the  limestone, 
the  facts  have  special  interest 

The  change  is  of  two  kinds — (1)  a  change  in  degree  of  meta- 
morphism  ;  (2)  a  change  in  mineral  constitution, 

(1)  An  increase  eastward  in  intensity  of  Tnetamorphic  action. 
This  is  manifested — 

{d\  In  the  gradual  increase  in  size  of  the  scales  of  mica  ;  (6) 
in  tne  change  from  hydrous  mica  to  ordinary  mica  in  the  Mt. 
Washington  schists,  and  in  the  occurrence  of  the  latter  alone 
east  of  Mt  Washington ;  (c)  in  the  absence  of  chlorite  (another 
hydrous  niineral)  from  the  southern  half  of  eastern  Mt  Wash- 
ington and  its  absence  from  the  schist  of  ridges  farther  east ; 
(cO  in  the  increasing  size  of  the  garnets  and  staurolites  on  go- 
ing eastward  over  Salisbury. 

(2)  The  diange  in  mineral  constitution^  beyond  what  has  been 
stated  in  the  preceding  paragraph,  is  as  follows: 

a.  Biotite  mica,  which  is  very  sparingly  present  in  the 
Winchell  slates,  increases  in  amount  in  eastern  Salisbury,  and 
is  much  the  most  common  kind  in  the  arenaceous  schists  to  the 
eastward. 

6.  Granular  quartz,  which  is  very  sparingly  present  in  the 
Winchell  slates,  gradually  increases  in  amount  eastward,  is 
rather  abundant  in  the  southern  part  of  eastern  Mt  Washing- 
ton, and  still  more  so  in  eastern  Salisbury ;  and  east  of  the 
Housatonic  for  a  breadth  of  two  miles  or  more  it  is  the  pre- 
ponderating constituent  in  the  mica  schist  and  composes  quartz- 
yte strata. 

c.  Tourmaline  in  minute  crystals  is  sparingly  present  in  the 
western  schists  and  much  less  sparingly  in  the  quartzyte  and 
qaartzytic  mica  schist  to  the  eastward. 

d.  Garnets,  which  are  not  present  in  the  Winchell  slates 

Am.  Joue.  Sol— Third  Sebibs,  Vol.  XXIX,  No.  174.— Junk,  1885. 
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occur  very  small  in  western  Mt.  Washington,  and  increase  io 
abundance  and  size  to  the  Housatonic ;  but  are  few  and  small 
in  the  arenaceous  schist  east  of  the  Housatonic. 

6.  Staurolites  occur  of  very  small  size  in  the  southern  half 
of  eastern  Mt  Washington,  and  are,  on  an  ayerase,  twice 
longer  in  eastern  Salisbury.  .In  the  northern  half  of  Mt 
Washington,  staurolites  have  not  been  found,  but  they  occur 
in  the  coarsish  mica  schist  three  miles  farther  east  (This  in- 
terval of  three  miles  is  occupied  by  limestone  so  that  no  nearer 
observation  is  possible.) 

/.  Orthoclase  is  very  sparingly  present  in  the  hydromica 
(or  sericite)  schist  to  the  west;  but  is  less  rare  in  the  mica 
schist  west  of  the  Housatonic,  and  still  less  so  in  part  of  the 
quartzytic  mica  schist  east  of  the  Housatonic ;  in  some  of  it, 
tne  feldspar  is  partly  the  species  microcline. 

Looking  at  the  constitution  of  (he  minerahy  we  learn  that  to 
the  west  of  the  area  of  Mt  Washington  the  sediments  of 
which  the  rock  is  made  were  very  fine  earthy,  containing  little 
quartz ;  that  the  amount  of  quartz  sand  in  the  sediments  in- 
creased  to  the  eastward ;  and  that  toward  the  eastern  limit  of 
the  region,  sand  was  the  chief  material.  The  occurrence  (tf 
arenaceous  mica  schist  overlying,  underlying  and  interlaminat- 
ing  quartzyte  beds  indicates  a  small  change  at  intervals  in  the 
kinds  of  depositions  such  as  may  have  come  from  changing 
depths  or  currents. 

All  the  facts  derived  from  the  constitution  of  the  rocks  point 
to  a  single  system  of  bydrographic  conditions  and  sedimeota* 
tion  ;  and  none  suggest  the  subsequent  occurrence  of  great  dis- 

Elacements  by  long  overthrusts  any  more  than  those  that  ha?e 
een  gathered  from  the  stratigraphy.     The  lithological  obser- 
vations accord  with  the  stratigraphical. 

The  stratification  described  is  true  stratification  and  not  that 
of  a  subsequently  induced  cleavage- structu re  ;  for  the  beds  of 
mica  schist,  quartzyte  and  limestone  are  parallel  in  interlamina- 
tions  and  interstratifications.  Cleavage  structure  is  a  common 
source  of  lamination  in  the  hydromica  (sericite)  slates  west  of 
Mt  Washington  ;  and  hence  the  true  planes  of  bedding  can 
there  be  learned  only  from  the  contact  portions  of  the  lime- 
stone and  slates;  but  it  is  much  less  common  farther  east;  and 
the  danger  of  error  has  been  avoided  in  the  observations  I  have 
made  by  taking  them  at  or  near  the  contacts  of  the  diflferenl 
strata  or  rocks. 

The  variations  geographically  from  arenaceous  to  fine  earthy 
beds  are  just  such  as  are  common  among  the  non-crystalline 
strata  farther  west,  and  just  such  as  belong  to  modern  deposi- 
tions over  a  region  of  emerging  coasts  or  flats  with  an  adjoin- 
ing shelving  bottom  for  a  score  of  miles  or  so  outside.  In  this 
part  of  the  Tacouic  region,  the  shelving  bottom  was  to  the 
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of  the  emerging  flats — how  far  west  it  extended  it  is  not 
lafe  to  say ; — while  to  the  east  and  south  there  were,  as  I 
already  explained,  isolated  areas  of  emerged  or  submerged 
sean  rocks,  and,  adjoining  them,  in  some  places,  uncon- 
ibly  overlying  sandstone  (now  quartzyte)  which  is  proba- 
f  rriraordial  age. 

e  gradation  in  metamorphism  does  not  vary  with  the 
mt  of  flexure  in  the  beas,  in  this  part  of  the  Taconic 
n,  but  has  depended  on  some  more  comprehensive  action 
is  or  some  other  cause. 

2.  Limestones. 

e  above  conclusion  as  to  increasing  grade  in  metamorphism 
west  to  east  is  sustained  by  facts  from  the  limestone  of 
•egion  that  were  long  since  made  known  by  Dewey  and 
ions  and  have  been  confirmed  by  all  observers.  While  all 
jrstalline,  the  rock  west  of  Mt.  Washington  is  fine-grained 
often  gray  in  color;  that  in  Salisbury  and  Sheffield  is  a 
coarser,  ranging  from  gray  to  white,  the  latter  much  pre- 
nating;  and  in  Canaan  and  to  the  north,  east  of  the  Hous- 
c,  it  is  mostly  a  coarse  marble  and  much  of  it  abounds  in 
^lite,  and  often  also  in  large  crystallizations  of  white 
sene.  The  latter  mineral  sometimes  appears  as  a  rock, 
1  canaanite,  in  the  upper  part  of  the  limestona  The 
>lite  and  white  pyroxene  of  the  limestone,  which  are 
ig  the  results  of  the  metamorphic  action  that  crystallized 
mestone,  occur  to  the  eastward  where  the  overlving  beds 
specially  arenaceous;  and  their  silica,  as  I  have  long  since 
lined,  may  have  been  derived  from  the  silica  originally  in 
imestone  as  an  impurity.  The  limestone  is  carbonate  of 
im  and  magnesium  ;  and  tremolite  and  pyroxene  are  silu 
(or  rather  bisilicates)  of  calcium  and  magnesium.* 
le  gradation  in  metamorphism  from  north  to  south,  which 
)receding  remarks  have  partly  illustrated,  I  leave  without 
w  at  this  time,  as  the  subject  will  be  better  explained  after- 
icts  relating  to  the  rest  of  Berkshire  have  been  presented. 

a  paper  in  this  Journal  for  1844  (zlvii,  135)  and  again  in  1846  (II,  ii,  88)  I 
>ut  the  fact  that  the  silicates,  as  well  as  phosphates,  in  crystallized  lime- 

maj  have  derived  their  ingredients  from  the  impurities  of  the  original 
>no,  though  not  excluding  the  possibility  of  an  accession  of  silica  and  alka- 
metimeB  from  outside  sihceous  waters.  In  my  Manual  of  Geology,  edition 
i3  (the  first)  and  later,  I  make  the  impurities  of  a  limestone  the  source 
h  metamorphism,  of  *'  its  crystalline  minerals  such  as  garnet^  idocraae^  pyrox- 
■apdUe,  mica^  sphene,  chondrodite,  apatite^  etc."  My  statements  in  an 
on  the  limestone  of  Westchester  County  in  this  Journal  for  1880  (xx, 
>pear  to  have  led  astray  Messrs.  King  and  Rowney  in  *'  An  Old  Chapter  of 
tological  Record."  pp.  42,  59.  I  speak  of  the  tremolite  and  white  pyroxene 
tsolt  of  the  action  of  hot  silicated  solutions  on  a  mag^esian  limestone;  but 
inion  was  then  the  same  as  stated  in  my  Geology — that  the  hot  silicate  solu- 
•rere  made  within  the  limestone  by  the  action  of  heat  on  the  moisture 
lea  present  as  impurity. 
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Art.  LVI. — Notes  on  the  possible  age  of  some  of  the  Mesowk 
rocks  of  the  Queen  CharhUe  Islands  and  British  Oolumbia; 
by  J.  F.  Whiteaves. 

As  far  back  as  the  year  1869,  Mr.  W.  Gabb  expressed  the 
opinion  that  the  Californian  rocks,  to  which  he  gave  the  provis- 
ional name  of  the  **  Shasta  Group,"  were  probably  the  equiyt* 
lents  of  the  Gault  and  Neocomian  of  Europe,  and  this  view  wn 
endorsed  by  Prof.  J.  D.  Whitney.  On  behalf  of  the  Canadian 
Survey  Mr.  J.  Richardson  visited  the  Queen  Charlotte  Islands 
in  1872,  and  made  a  small  but  interesting  collection  of  fossils 
from  the  coal-bearing  deposits  of  Skidegate  Inlet.  Among  the 
species  recognized  at  this  locality  were  Ammonites  Breweri  A, 
Stoliczkanus  and  Aucella  Piochii  of  Gabb,  of  the  Shasta  group 
of  California,  also  Ammonites  Timotheanus  Mayor,  and  Inocera- 
mtbs  concentricus^  of  the  European  Gault,  but  associated  with 
these  were  several  new  Ammonites  which  appeared  to  have 
rather  a  Jurassic  facies.  The  conclusion  reached  on  this  rather 
meagre  and  unsatisfactory  evidence  was  that  the  rocks  border 
ing  Skidegate  Inlet  could  scarcely  be  much  older  than  the 
Upper  Jurassic  or  much  newer  than  the  Middle  Cretaceous. 

Four  years  later  Dr.  Q,  M.  Dawson  obtained  a  small  series  of 
fossils  from  the  bedded  volcanic  rocks  at  the  Iltasyouco  River 
and  Sigutlat  Lake,  in  the  Coast  Range  of  British  Columbia. 
Having  then  no  reason  to  doubt  the  correctness  of  Mr.  Meek's 
conclusion  that  certain  rocks  in  the  Black  Hills  of  Dakota  were 
of  Jurassic  age,  the  writer  of  the  present  article  at  once  assumed 
that  the  Iltasyouco  and  Sigutlat  fossiliferous  strata  were  also 
Jurassic,  on  account  of  their  holding  such  fossils  as  Oryphm 
Nebrascensis,  Volsella  formosa^  Astarte  Packardi,  Pleuromya  sub- 
compressaj  and  the  like. 

The  exact  age  of  the  "  Aucella  schists*'  of  Russia,  Siberia, 
etc.,  has  been  the  subject  of  much  discussion,  and  European 
geologists  are  still  at  issue  on  this  point  D'Orbigny,  in  1846, 
places  them  in  the  **Oxfordien  division  of  the  Jurassic. 
Trautschold  (1864  and  1866)  claimed  that  they  are  about  the 
age  of  the  Kimmeridge  Clay,  but  later  (in  1875)  placed  them  at 
the  extreme  summit  of  the  Jurassic  system,  in  the  Tithonic 
Group  of  Oppel,  and  this  latter  view  is  also  maintained  by 
Rudolph  Ludwig.  Ever  since  1867,  however,  Eichwald  has 
strenuously  argued  that  they  are  Necomian,  and  in  the  only 
geological  section  of  these  rocks  which  the  present  writer  bas 
seen,  the  Aucella  schists  are  represented  as  immediately  and 
conformably  overlying  the  Kimmeridge  Clay,  as  the  Gault  does 
at  Culhara  in  Berkshire  (England),  a  circumstance  which  many 
of  those  who  attended  the  late  Prof.  Phillips's  geology  class  at 
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Oxford  will  remember.  Since  1875,  deposits  holding  large 
nambers  of  Aucella  Piochii  Gabb  (which  can  scarcely  be  dis- 
tinguished from  the  A.  Mosqxiensis  of  Europe),  with  a  few  other 
fossils,  have  been  discovered  by  members  of  the  Canadian  Sur- 
vey at  several  localities  on  the  west  coast  of  British  Columbia, 
on  Vancouver  Island  at  Forward  Inlet,  and  in  the  valley  of  the 
Peace  River.  In  a  paper  **  On  the  Lower  Cretaceous  rocks  of 
British  Columbia"  published  in  the  first  volume  of  the  Transac- 
tions of  the  Eoyal  Society  of  Canada,  the  writer  expressed  the 
opinion  that  those  deposits  in  California  and  British  Columbia, 
which  are  characterized  by  the  presence  of  Belemnites  tmpressus, 
Ancyloceras  percosiatus  and  more  especiallv  by  an  abundance  of 
Attcellce,  represent  the  lower  half  of  the  Shasta  Group  and  are 
th«5  equivalents  of  the  Upper  Neocomian  of  Europe. 

In  1878  Dr.  G.  M.  Dawson,  accompanied  by  his  brother, 
visited  the  Queen  Charlotte  Islands  and  devoted  the  whole  sea- 
8on  to  an  examination  of  their  geological  features.  From  his 
detailed  report  upon  these  islands,  which  was  published  in 
1879,  it  appears  that  the  central  portion,  which  includes  both 
shores  of  Skidegate  and  Cumshewa  Inlets,  is  occupied  by  strata 
which  there  is  now  every  reason  to  believe  are  of  Cretaceous 
a^e.  In  descending  order  the  section  of  these  Cretaceous  rocks 
given  by  Dr.  Dawson  is  as  follows.  No.  1.  The  Upper  Shales ; 
these  have  so  far  yielded  only  several  specimens  of  Inoceramus 
probkmaiicus^  and  are  therefore  supposed  to  represent  the  base 
of  the  Upper  Cretaceous.  No.  2.  Coarse  Conglomerates ;  these 
have  as  yet  afforded  no  fossils  that  can  be  identified,  but  from 
their  position  may  be  assumed  to  be  the  equivalents  of  the 
Dakota  Group.  No.  3.  The  Lower  Shales ;  with  coal  and  iron 
ore  and  an  abundance  of  fossils,  of  which  upwards  of  seventy 
species  have  now  been  described.  No.  4.  Agglomerates,  with 
a  few  very  indistinct  fossils,  and  No.  5.  The  Lower  Sand- 
stones; these  two,  from  their  faunal  relations,  are  believed  to  be 
only  minor  subdivisions  of  No.  3. 

The  Lower  Shales,  or  sub-division  3  of  Dr.  Dawson's  report, 
oontain  a  very  rich  and  varied  fauna  quite  unlike  that  of  any 
other  Cretaceous  deposits  heretofore  recognized  in  North  Amer- 
ica. These  shales,  which  the  writer  has  elsewhere  ventured  to 
designate  "  The  Queen  Charlotte  Island  Series,"  are  believed  to 
represent  the  upper  part  of  the  Shasta  Group  of  California  and 
the  Gault  of  Europa  Among  the  fossils  which  they  hold  in 
common  with  the  Shasta  Group  are  Haploceras  Breweriy  Lyto- 
ceras  Baiesi,  Hoplites  (?)  Stollczkanus^  and  Ancyloceras  Remondi. 
They  have  yielded  such  charcteristic  Gault  species  as  Sckloen- 
bachia  injlata^  Haploceras  Beudanttj  planulaium  and  Timoihea- 
num^  Lytoceras  Sacya  and  Tlietis  major,  var.,  often  in  large  num- 
bers, also  an  abundance  of  Inoceramus  concentricus  and  Actino- 
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ceramus  sulcaius.  As  might  have  been  expected,  out  of  the 
seventy  or  more  species  which  they  contain,  a  few  range  up- 
ward into  the  Chico  Group  of  the  Upper  Cretaceous,  and  at 
least  three  into  the  lower  division  of  the  Shasta  Group,  which 
for  that  reason  is  supposed  to  represent  the  Upper  ratner  than 
the  Lower  Neocomian.  But,  associated  with  what  appear  to  be 
purely  Cretaceous  types,  the  Lower  shales  of  Skidegate  and 
Cumshewa  Inlets  hold  also  at  least  four  or  five  new  species  of 
Ammonites  which  have  recently  been  described  from  unusuallj 
perfect  and  well  preserved  specimens,  and  which  seem  to  belong 
to  genera,  to  sections  of  genera,  or  to  species,  which  in  Europe 
would  be  regarded  as  exclusively  Jurassic  in  their  character. 

Moreover  it  is  now  quite  clear  that  the  fauna  of  the  Iltas- 
youco  River  and  Sigutlat  Lake  rocks,  which  the  writer  at  first 
regarded  as  of  Jurassic  age,  is  essentially  the  same  as  that  of 
the  Lower  shales  of  Skidegate  and  Cumshewa  inlets.  In  the 
coal-bearing  strata  of  the  Queen  Charlotte  Islands  and  in  the 
volcanic  rocks  of  the  Coast  Range  of  British  Columbia,  associ- 
ated with  characteristic  Cretaceous  in  vertebra tej?,  about  a  dozen 
species  of  fossil  mollusca  have  been  collected,  which  the  pres- 
ent writer,  after  long  and  careful  study,  has  been  unable  lo 
separate  specifically  from  fossils  which  Meek  and  Dr.  White 
have  described  as  Jurassic.  A  similar  apparent  mixture  of 
"  Jurassic"  and  Cretaceous  fossils  occurs  in  rocks  immediately 
overlying  the  Alpine  Trias,  on  the  Peace  River. 

Judging  exclusively  by  the  invertebrate  fossils  which  they 
contain  and  by  the  stratigraphical  position  which  they  are  said 
to  occupy,  the  writer,  in  a  recently  published  report,*  has  given 
at  some  length  his  reasons  for  thinking  that  the  Jurassic  age  of 
certain  strata  in  Dakota,  Montana,  etc.,  is  not  yet  conclusively 
proved.  The  evidence  afforded  by  the  vertebrates  of  these  rocks 
IS  quite  another  (juestion  and  one  which  has  to  be  considered  on 
its  own  merits.  This  aspect  of  the  case  has  not  been  discassed 
at  all  in  the  report  referred  to,  for  the  simple  reason  that  there 
is  not  a  vestige  of  a  vertebrate,-  not  even  a  fish  scale,  in  the  col- 
lection reported  on. 

In  a  paper  *'  On  the  Jurassic  Strata  of  North  America,"pub- 
lisbed  in  the  March  number  of  this  Journal,  Dr.  C.  A.  White 
objects  to  the  present  writer's  suggestion  that  some  of  the  sup- 
posed Jurassic  rocks  of  the  Western  States  may  possibly  be  of 
Middle  Cretaceous  age,  and  to  the  identification  of  a  few  fossil 
mollusca  upon  which  this  suggestion  was  based. 

Dr.  White's  long  experience  as  a  paleontologist  and  his  ex- 
tensive knowledge  of  the  fossil  invertebrates  of  the  United 

*  Mesozoic  Fossils,  vol.  i.  Part  3 ;  On  the  Fossils  of  the  Coal-Bearing  Depoeiti 
of  llio  Queen  Charlotte  Islands,  collected  by  Dr.  G.  M.  Dawson  in  1878.  Mon- 
treal, 1884. 
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States  and  Territories  entitle  any  views  he  may  express  on  sach 
subjects  to  the  fullest  oonsideration,  and  his  intimate  acquaint- 
ance with  and  ready  access  to  Meek's  types  from  the  Black 
Hills  are  unquestionably  a  great  advantage.  Unfortunately, 
however,  Dr.  White  could  only  spare  part  of  a  single  day  for 
the  examination  of  the  large  series  of  Mesozoic  and  Laramie 
fossils  in  the  Museum  of  the  Canadian  Survey  at  Ottawa,  and 
only  a  few  minutes  each  to  a  study  of  those  species  whose  iden- 
tification he  objects  to. 

To  the  general  statements  made  at  the  commencement  of  Dr. 
White's  paper  no  special  exception  need  be  taken  here  except 
perhaps  on  the  ground  of  their  want  of  novelty.  They  are,  m 
effect,  a  r6sum^  of  that  part  of  Clarence  King's  volume  on  the 
*' Systematic  Geology"  of  the  United  States  Exploration  of  the 
40tb  Parallel  which  treats  of  the  Jurassic  rocks.  In  that  vol- 
ume, however,  Prof.  King  distinctly  states  that  the  Dakota  and 
"Jurassic"  rocks  are  conformable  in  the  Wahsatch  Region, 
also  that  according  to  Meek,  Hall  and  Whitfield,  the  '*  Juras- 
sic'' fossils  from  the  east  base  of  Augusta  Mountain  have  '*  a 
Cretaceous  and  even  an  Eocene  look. 

To  Dr.  White's  presentation  of  the  statements  and  arguments 
on  the  other  side  of  the  question  the  writer  begs  respectfully  to 
demur. 

Dr.  White  says  that  in  the  memoir  which  he  criticizes  the 
author  thereof  "  describes  and  figures  some  fossils"     .... 
which  are  ^^  reported  to  come  from  certain  strata,"  eta,  thereby 
leading  any  reader  who  is  ignorant  of  the  facts  to  suppose  that 
the  number  of  specimens  is  small  and  that  it  is  not  altogether 
certain  where  they  came  from.     Not  counting  the  fossils  pre- 
viously brought  back  by  Mr.  Richardson,  Dr.  G.  M.  Dawson's 
collection  alone  consists  of  upwards  of  one  thousand  specimens, 
every  one  of  which  is  labeled  not  only  with  its  exact  locality 
bat  also  with  the  precise  subdivision  of  the  series  in  which  it 
was  found. 

Oat  of  the  twelve  forms  collected  by  Dr.  Dawson  which  the 
writer  has  referred  to  North  American  "  Jurassic  "*  species,  Dr. 
White  objects  to  the  identification  of  nine,  and  with  regard 
to  these  the  following  remarks  are  submitted  : 

1.  Belemnites  densus  Meek  and  Hayden.  The  specimens  de- 
scribed by  Mr.  Meek  under  this  name  are  represented  as  being 
short  and  thick  or  long  and  slender,  as  having  an  apical  groove, 
a  median  groove  or  no  groove  at  all.  Dr.  White  says  that 
**Mr.  Whiteaves'  collection  contains  only  one  specimen  which 
he  refers  to  this  species,"  whereas  there  are  two  of  the  short  and 
thick  form,  seven  of  the  long  and  slender  variety  (to  which  in 
aocordance  with  a  suggestion  of  Mr.  Meek's,  the  writer  gave  a 
local  and  provisional  name)  and  several  large  phragmocones. 
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Moreover  this  series  was  directly  compared  with  anthentic 
specimens  of  B,  densus  from  Dakota,  received  from  Mr.  Meek, 
and  it  was  found  necessary  to  mark  all  the  fossils  from  the 
two  localities  as  it  would  otherwise  have  been  impossible  to 
separate  them. 

2.  Lyosoma  Powelli  White.  The  fact  that  the  writer  gave  a 
different  generic  and  specific  name  to  Vanikoro  ptdchella  ia  a 
sufficient  indication  that  the  analogy  between  it  snidL.  Pomlli 
was  supposed  to  be  more  remote  than  that  which  is  supposed  to 
obtain  in  any  of  the  other  instances  cited. 

3.  Pleurornya  subcompressa  Meek.  The  type  of  this  species 
was  figured  by  Meek  in  1873,  and  since  then  Dr.  White  has 
illustrated  three  well  marked  varieties  of  it  Specimens  which 
agree  perfectly  with  the  descriptions  and  figures  of  three  out  of 
these  four  forms  have  been  collected  at  the  Queen  Charlotte 
Islands,  and  two  at  the  Iltasyouco  River  and  Sigutlat  Lake. 

4.  Asiarte  Packardi  Vf  hiie.  Dr.  White  admits  that,  as  fiir 
as  ezternal  shape  and  surface  markings  are  concerned,  it  is 
scarcely  practicable  to  separate  the  British  Columbia  and 
Queen  Charlotte  Island  specimens  from  this  species,  but  says 
that  the  hinge  and  interior  markings  of  the  type  of  A.  Packardi 
are  unknown.  In  this  genus,  as  every  ezperienced  malacolo- 
gist  is  aware,  the  interior  of  the  valves  affords  a  certain  indica- 
tion of  its  generic  relations  but  is  of  very  little  assistance  in  the 
determination  of  species. 

5.  Orammatodon  inornatus  Meek  and  Hayden.  Dr.  White 
says  that  ^*  Mr.  Whiteaves'  specimens  do  not  show  the  hinge.'* 
This  is  quite  correct  as  regards  the  fossils  from  the  Queen  Char- 
lotte Islands,  but  one  of  the  specimens  from  the  Iltasyouco 
River  shows  the  impression  of  two  short  posterior  lateral  teeth 
parallel  to  the  hinge  line,  just  as  in  Meek's  figure  of  O,  inoniatm 
on  plate  3,  fig.  9b,  of  the  "  Palaeontology  of  the  Upper  Mis- 
souri." 

6.  Modiola  ( Volsella)  subimhricata  Meek.  The  specimens  from 
the  Queen  Charlotte  Islands  referred  to  this  species,  though 
somewhat  distorted,  are  nearly  perfect  single  valves.  Dr. 
White  does  not  comment  at  all  on  the  real  or  supposed  identi- 
fication of  a  Sigutlat  Lake  specimen  with  the  Modiola  (or  Vol- 
sella)  formosa  of  Meek  and  Hayden,  one  of  the  strongest  points 
in  the  writer's  view  of  the  case.  At  the  Iltasvouco  River,  too, 
specimens  have  been  found  which  are  very  aifficult  to  distin- 
guish from  Modiola  platynota  White. 

7.  Pteria  (Oxytoma)  mucronata  Meek  and  Hayden.  Of  this 
the  writer  is  said  to  have  only  one  imperfect  valve  and  Dr. 
White  adds  "that  the  most  that  can  be  said  of  it  is  that  it 
apparently  indicates  a  form  which  is  much  like  the  P.  (0.) 
mucronata  of  Meek  and  Hayden."     In  answer  to  this  statement 
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nay  be  observed  that  while  only  one  imperfect  valve  was 
ected  in  Alliford  Bay,  yet  several  perfect  specimens  of  both 
ves  were  obtained  at  Maad  Island.  In  the  writer's  judg- 
It  the  least  that  can  be  said  of  the  whole  of  the  specimens 
ected  by  Dr.  Dawson  is  that  they  agree  perfectly  with 
3k 's  description  and  figure  of  Pleria  or  Oxytoma  mucronata. 
.  Oamplonecles  extenualris  Meek  and  Hayden.  The  lower 
ve  of  a  small  Pecten  from  Maud  Island  which  was  some- 
it  doubtfully  identified  with  this  species  is  quite  perfect  in 
'ginal  outline,  has  most  of  the  test  preserved,  with  its  char- 
eristic  sculpture,  and  shows  the  shape  of  both  ears.  An 
)er  valve,  from  the  Iltasyouco  River,  corresponds  remarkably 
1  with  Meek's  figure  of  the  type  of  C.  extenuatus. 
.  Oryphaea  Ndn-ascensis  Meek  and  Hayden.  Dr.  White 
3  that  the  specimens,  regarded  by  the  writer  as  probably 
itical  with  this  species,  are  more  like  Oryphaea  navxa  Con- 
The  irregular,  radiating  striae  on  the  umbonal  region 
ch  are  characteristic  of  O.  NebrascensiSy  and  which  are  well 
1  on  specimens  from  the  Queen  Charlotte  Islands  and  from 
Iltasyouco  River,  are  altogether  absent  in  (?.  navia^  which 
er  shell  has  also  a  narrowly  subtrigona^  outline  with  angu- 
d  beaks  and  a  sharp  umbonal  ridge,  a  combination  of  char* 
jrs  which  is  not  seen  in  ff.  Nebrascensis^  nor  on  any  of  the 
^imens  collected  by  Dr.  G.  M.  Dawson. 
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by  Samuel  L.  Penfield. 

1.  Tiemannite. 

N  October  last.  Professor  J.  E.  Clayton,  president  of  the 
^  Lake  Mining  Institute,  sent  to  Prof.  G.  J.  Brush  a  few 
Mmens  containing  crystals  of  a  selenide  of  mercury  which 
e  suitable  both  for  analysis  and  measurement.  The  speci- 
is  were  from  Marysvale,  Southern  Utah,  the  same  locality 
ch  afforded  the  sulpho-selenide  of  mercury,  onofrite,*  de- 
bed  by  Professor  Brush.  A  description  of  the  occurrence 
,he  mineral,  as  stated  by  Prof.  Clayton,  is  given  at  the  end 
;his  article,  and  I  take  great  pleasure  in  here  expressing  to 
my  thanks  for  calling  our  attention  to  these  most  interest- 
crystals. 

'he  crystals  are  black,  with  high  metallic  lustre  and  black 
ak ;  hardness  about  3 ;  specific  gravity  taken  twice  on  a 
onical  balance  8'188-8'187  ;  fracture  conchoidal ;  very 
tie  and  with  no  apparent  cleavage. 

*Thi8  Journal,  III,  xxi,  312. 
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A  analysis  was  made  by  decomposing  the  mineral  in  a  cur> 
rent  of  chlorine  gas,  precipitating  the  mercary  as  sab-chloride 
bj  means  of  phosphorous  acid  and  the  selenium  with  sulphur- 
ous  anhydride.  The  resulte  are  given  below  with  the  deter- 
mioations  of  small  amounts  of  sulphar,  cadmium  and  insoJubie 
residue. 


G9M  -MBJ 


The  ratio  of  the  selenium  plus  sulphur  to  the  metals  is  1 :  0*93 
or  nearly  1  :  1,  that  required  by  a  normal  selenide,  and  as  the 
impurities  are  present  only  in  very  small  quantities  the  min- 
eral may  be  regarded  as  a  simple  selenide  of  mercory.  The 
analysis  agrees  more  closely  with  the  theoretical  requirements 
than  any  previously  published,  which  may  be  in  consequence  o[ 
the  greater  purity  of  the  crystallized  material. 

The  crystals  measure  up  to  S"™  in  diameter.  They  ate 
isometric,  tetrahedral,  and  the  habit  of  the  few  at  my  disposal 
is  quite  various.  The  plus  and  minus  tetrahedrons  are  nsaallj 
about  equally  developed  and  vary  in  luster ;  the  cubic  faces  are 
also  prominent  and  are  at  times  striated  diagonally  parallel  to 
Fig.  2. 


their  intersection  with  the  dullest  tetrahedron  and  most  devel- 
oped i(m-m)  forms.  Twins  with  o  as  the  twinning-plane  are 
common.  Taking  the  forms  of  the  moat  developed  ^(m-Bi)as 
positive,  the  observed  forms  are  as  follows:  o  (111,  +1),  usu- 
ally dull,  o'(in,  -1)  lustrous,  a(001,  i-i),  w(511,  +5-5)  and 
y!(733,  +3-3)-  The  above  forms  were  all  observed  on  one 
twin  crystal,  fig.  1,  the  latter  f,  as  a  very  small  face  but  giving 
distinct  reflections.  The  faces  in  both  halves  of  the  twin  crys- 
tal figured  are  lettered  alike  except  that  those  iu  twin  position 
are  underscored.  Twins  on  the  specimens  in  my  possession 
are  more  common  than  single  crystals,  some  of  them  showing 
simply  both  tetrahedrons  and  cube. 
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^he  measured  angles  are  the  following,  the  mean  of  closely 
seing  results  being  given : 

Observed.    Calculated. 


0   ^   O',  111  ^   111   : 

=  70"  31' 

70"32' 

a  ^  o',  001  A  111 

64"  45' 

64"44' 

a  ^  ii^  001  A  115 

16'  46'  I 
15"  60'  S 

16"48' 

a  A  ^,  001  A  337 

31"  10' 

31"13' 

L  number  of  crystals  have  the  habit  shown  in  fig.  2 ;  only  one 
lustrous  enough  to  admit  of  measurement.  The  zone  a,  6, 
tc,  WPS  very  much  striated  and  distorted  through  oscillatory 
ibination,  but  by  turning  the  crystal  so  as  to  catch  the  light 
ected  from  it,  it  could  be  readily  seen  to  consist  of  several 
inct  forms.  On  the  reflecting  goniometer  the  signal  was 
acted  from  the  faces  in  almost  an  unbroken  band;  a  few  of 
most  prominent  reflections,  however,  were  recorded  and 
given  below.  The  reflection  from  the  faces  of  a  lamplight 
sed  at  a  distance  across  a  large  room  was  resorted  to,  all  the 
«  of  like  inclination  reflecting  together  and  yielding  a  sort 
*schimmer  Messung;"  the  results  of  which  although  not 
Y  exact  being  sufficiently  so  to  fix  the  symbols  of  the  diflTer- 
forms.  The  measurements  taken  on  both  sides  ot  and 
isured  from,  the  cubic  face  a,  are  given  below. 

rect  reflection    6"  11'    9"  17'     12"  30'  ) 

[right. 


himmer  j 

rect  reflection 
himmer 


I 


h 
6"  11' 

c 
9"  17' 

12"  30' 

0) 

m 

^ 

6"  17' 
6"  26' 

9"  24' 
9"  49' 

12"  42' 
12"  68' 

17" 17' 
17"  16' 

6"  12' 

6"  7' 
6"  50' 

9"17' 
9"  2' 

12"  20' 
11"  47' 

16"  26' 
16" 20' 

25"  7' 
26" 

31"  23' 

[  left. 


[ean  6"  10'    9"  22      12"  27'     16"  47'    26"  3'     31"  23' 


alculated  for  the  following  forms. 

16n3'  9"  27'  12"  16'  15"  48'         26®  14' 

/  17     17\  /  .13     13\ 

•1, +  13-13),  (^17-2-2,  +  y-YJ, (^13-2.2,+ Y-yj,(6ll,  +  6-6),(311,  +  3-3), 

31"  13' 
n33.+l-i). 

)  reflections  from  oi,  m  and  ip  were  very  faint,  that  from  (p 
ig  the  last  trace  of  reflected  light  which  could  be  seen  on 
ling  the  crystal.  The  measurements  agree  quite  well  among 
□Qselves,  considering  the  method  used,  and  warrant  my  taking 
above  symbols  according  to  which  fig.  2  is  drawn.  The 
n  0^511,  +5-5)  shows  the  greatest  variation,  but,  as  it  is  a 
minent  form  on  the  simpler  and  more  perfect  crystals,  it 
us  better  to  regard  the  variation  as  due  to  error  in  measure- 
it  than  to  take  the  less  probable  symbol  (922,  +f — f)  with 

julated  value  17"*  27'.     The  only  other  form  m'(3Tl,  -8-8) 
I  quite  large  and  very  strongly  striated  parallel  to  its  combi- 
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nation  edge  with  the  cube.  The  faces  gave  no  reflection  but 
were  measured  by  covering  them  with  glass  plates  and  then 
measuring  on  the  cube.  This  was  repeated  twice  giring 
24°  49',  25°  21',  calculated  25°  14'. 

In  appearance  the  crystals  resemble  very  closely  those  of 
sphalerite   while   the  forms   which  are  common  to  both  are 

o(100,  z-i),  0(111,  +1),  o'(lIl,  -1),  tti(511,  +5-5)  and  m(311, 
+3-3). 

2.  Metacinnabarite. 

The  specimens  of  this  mineral  at  my  disposal,  from  the  Bed- 
dington  Mine,  Lake  Co.,  California,  were  from  the  collections  of 
Prof.  G.  J.  Brush  and  Mr.  C.  S.  Bement  The  mineral  is 
intimately  associated  with  crystallized  cinnabar  and  marcasite. 
Mr.  G.  E.  Moore  first  described  this  species*  as  an  amorphoas 
black  sulphide  of  mercury,  distinct  in  its  physical  properties 
from  cinnabar.  He  states  that  specimens  which  he  ezamioed 
from  the  collection  of  Prof.  Brush  showed  small  crystals 
"  whose  habit  is  almost  cubical "  and  **  betray  in  their  frequent 
re-entrant  angles  a  strong  tendency  to  the  formation  of  twins.'' 
The  specimens  at  my  disposal  show  crystals  up  to  4°^  in 
diameter,  they  are  apparently  isometric,  tetrahedral,  but  the 
faces  are  such  that  they  do  not  admit  of  accurate  measurement 
The  habit  of  the  crystals  is  mostly  octahedral  with  the  alternate 
faces  of  the  plus  and  minus  tetrahedron  varying  in  luster. 
The  faces  are  usually  dull  black  and  rough,  giving  no  reflec- 
tion, or  curved.  Measurements  on  the  tetrahedral  face  could 
not  be  obtained.  The  forms  which  I  have  been  able  to  iden- 
tify are  the  following,  while  the  measured  angles  are  given  in 
the  table  below,  (322,  |-|),  common,  occurring  sometimes 
alone  in  one  set  of  secants,  at  times  truncating  the  edges 
of  an  apparent  octahedron  (plus  and  minus  tetrahedron). 
One  specimen  contained  small  crystals  of  the  form  (211, 
2-2),  in  combination  with  small  and  rough  faces  of  the 
tetrahedron  of  the  opposite  order.  On  one  crystal  the  faces  in 
one  set  of  secants  were  quite  bright  and  contained  markings 
and  small  faces  indicating  a  {hkl^  m^n)  form;  the  measure- 
ment of  the  two  kinds  of  edges  in  the  secant,  as  far  as  I  was 
able  to  obtain  them,  gave  for  the  values  of  m  and  n  respect- 
ively 1*849  and  1*233,  perhaps  (975,  |-^),  but  as  the  reflections 
were  not  very  distinct  and  could  not  be  repeated  on  a  second 
crystal  it  seems  useless  to  assume  a  symbol  for  this  form.  The 
cubic  faces  occur  very  seldom  on  the  specimens  examined  by 
me.  Twins  parallel  to  an  octahedral  plane  are  very  common, 
often  repeated  as  in  sphalerite. 

*  This  Journal,  III,  hi,  36. 
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The  measured  angles  are  as  follows : 

322  ^   322    86'  34'  ) 

86°  62'  V   86*  38' 

87M7') 
211  ^   112    36*  54'  ) 

33''  24'  [     33'  34' 

33°  16'  ) 

Although  the  crystals  are  poorly  adapted  for  measurement 
;heir  habit  is  characteristically  isometric  tetrahedral,  and  the 
neasurements  as  far  as  made  agree  with  isometric  forms. 
&.fter  seeing  the  specimens  at  my  disposal  it  seems  strange  that 
ihe  name  "  amorphous  sulphide  of  mercury  "  should  have  been 
}o  long  attached  to  this  mineral. 

After  carefully  cleaning  the  crystals  used  for  measurement 
md  freeing  them  as  far  as  possible  from  attached  cinnabar,  the 
specific  gravity  was  taken  with  great  care  on  a  chemical  bal- 
tmce,  with  7*81  as  the  result.  As  the  three  crystals  weighed 
together  only  'IBSi  grams  the  result  can  not  be  regarded  as 
7ery  accurate,  but  I  thought  it  would  serve  to  compare  with 
the  specific  gravity  of  the  amorphous  sulphide  given  by  Mr. 
Sioore  as  from  7  •701-7-748. 

The  crystallographic  results  taken  in  connection  with  those 
>n  tiemannite,  with  which  the  mineral  stands  in  close  chemical 
-elation,  leaves  little  doubt  as  to  the  isomorphism  of  the  two 
ninerals,  and  the  isometric  character  of  metacinnabarite,  while 
ihe  intermediate  chemical  compounds  to  which  the  name 
jnofrite  has  been  applied  and  which  are  not  known  in  crystals 
stand  intermediate  between  the  two  in  physical  relations. 

Relation  between  the  selenides  and  sulphides  of  mercury, — As 
,he  density  which  I  found  for  the  crystals  of  tiemannite,  viz: 
3'19,  was  greater  than  that  given  by  other  authors  (this  usually 
t>eing  7-1-7-4,  Blum  giving  7-8-7-88),  I  thought  it  would  be 
best  to  take  the  density  of  the  material  from  Clausthal,  which 
^as  all  that  was  at  my  disposal.  The  material  was  quite  im- 
3ure,  but  after  taking  the  density  the  volatile  selenide  was 
iriven  off,  the  density  of  the  residue  taken  and  that  of  the 
pure  material  calculated.  I  also  took  the  density  of  three 
specimens  of  onofrite  from  Utah  ;  in  these  cases,  however,  the 
residue  was  smaller  and  was  regarded  as  having  a  density  of 
2*7.  Undoubtedly  it  was  heavier  and  the  true  density  of  the 
mineral  would  be  correspondingly  lower. 

All  the  densities  which  have  been  found  are  the  following : 

L  Tiemannite,  crystallized,  from  Utah 8-19 

n.  Tiemannite,  Clausthal,  after  deducting  16  per  cent  of  impurities  8*473 

m.  Tiemannite,  Clausthal,  after  deducting  39  per  cent  of  impurities  8*306 

IV.  Onofrite,  Utah,  after  deducting  1*3  per  cent  of  impurities 7*98 

V.  Onofrite,  Utah,  after  deducting  1*6  per  cent  of  impurities 809 

VI.  Onofrite,  Utah,  after  deducting  2*9  per  cent  of  impurities 8*04 

VIL  Metacinnabarite,  California,  crystallized .     7*81 

)7'70 
7'75 
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It  will  be  seen  that  onof rite  stands,  as  it  should,  intermediate 
between  the  selenide  and  sulphide.  No.  IV  of  the  above  list 
was  analyzed  by  Mr.  Wm.  J.  Comstock*  and  consists  of  137 
per  cent  HgSe  and  86*8  per  cent  HgS.  Calculating  the  den- 
sity of  an  isomorphous  mixture  in  the  above  proportions 
taking  the  density  of  HgSe=8*2  that  of  HgS=7-8  we  obtain 
7*85  as  against  7*98  observed.  Onofrite  is  therefore  physically 
intermediate  between  tiemannite  and  roetacinnabarite,  and  rep- 
resents an  isomorphous  mixture  of  these  two  isometric  mole- 
cules. It  is  strange  that  the  conclusions  arrived  at  by  Prof. 
Brush  in  the  article  already  referred  to,  should  have  been  the 
same,  although  he  based  his  conclusions  on  earlier  and  incor- 
rect determinations  of  the  density  of  tiemannite. 

As  to  the  position  which  these  minerals  should  occupy  in  a 
natural  grouping,  it  seems  that  they  would  naturally  come 
into  the  sphalerite  group  with  which  they  have  manv  things  in 
common,  being  simple  selenides  or  sulphides,  with  mercury 
replaced  in  part  by  zinc  or  cadmium,  crystallizing  in  the  isomet- 
ric system,  tetrahedral,  and  with  strong  tendency  to  twinning 
parallel  to  the  octahedron. 

In  closing  I  take  pleasure  in  expressing  my  thanks  to  Prof. 
Brush  and  Mr.  G.  S.  Bement  for  the  material  which  they 
provided  for  carrying  on  this  investigation. 

Note  as  to  the  occurrence  of  Tiemannite  ;  by  Prof.  J.  R  Clay- 
ton. Communicated  by  letter  to  Prof.  Brush,  dated  Salt  Lake 
City,  October  6th,  1884. 

The  mine  is  situated  above  five  miles  S.W.  of  Marysvale, 
two  hundred  miles  south  of  Salt  Lake  City.     It  is  on  the  east 
face  of  a  mountain  slope  and  near  to  a  profound  fault  extend- 
ing north  and  south.     To  the  east  are  eruptive  rocks  including 
porphyry  and  trachyte.     Underlying  the  ore  beds  to  the  west 
is  quartzyte  of  unknown  thickness,  over  this  about  four  hun- 
dred feet  of  gray  limestone  and  in  the  contact  between  these 
the  Deertrail  vein  is  situated,  carrying  gold,  silver,  lead  and  a 
little   copper.     In   the    upper   portions  of  the   limestone  the 
selenide  of  mercury  is  found  in  a  bed  of  shaly  limestone  fifteen 
to  twenty  feet  thick.      The  vein  has  been  traced  north  and 
south  about  one  hundred  feet  along  the  outcrop  and  dips  into 
the   mountain   at  an    angle   of  about  15°   below  the  horizon. 
The  ore  occurs  in  masses  intermixed  with  the  shaly  limestone, 
crystals   being   very   rare.     The   accompanying   minerals  are 
barite,  oxide  of  manganese,  quartz  and  calcite.     The  ore  bed  is 
overlaid    by   a    yellowish,   sandy,    lime-shale    carrying  Sub- 
carboniferous  fossils. 

Mineralogical  Laboratory  SheflBeld  Scientific  School,  March  28tb,  1885. 
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LVIII. — On   i/ie  QaJiniU  of  Howe,   MasmchxistUs ;   by 

Arnold  Guyot  Dana. 

some  car-loads  of  pyrite  brought  tb  New  Haven,  Con- 
sut,  from  the  mines  of  J.  M.  Davis  &  Co.,  in  the  town 
>we,  Massachusetts,  eight  miles  east  of  the  Hoosac  tunnel, 
ind  some  fragments  of  the  mineral  gahnite.  On  visit- 
;he  locality  I  learned  that  the  gahnite  occurred  on  the 
•  portions  of  a  **  vein  "  or  "  lenticular  mass  "  of  pyrite,  of 
ptional  purity,  varying  from  seven  to  twenty  feet  in  thick- 
The  including  rock  is  gneiss  and  schist  The  mine  had, 
e  time  of  m^-  first  visit,  reached  a  depth  of  200  feeL  The 
3  heaps  afforded  a  large  amount  of  material  and  some  good 
mens,  though  the  hardness  of  the  enclosing  rock  made  it 
ult  to  obtain  the  crystals  unbroken.  Part  of  them  were 
ely  embedded  in  the  pyrite  and  part  seemed  to  have  once 

cavities,  most  of  which  had  sipce  been  filled  in  by  quartz 
ihe  rest  by  chalcopyrite. 

le  crystals  in  the  quartz  were  greenish  in  color  and  some- 

}  had  a  slightly  greasy  lustre,  while  those  in  the  pyrite 

almost  black,  but  green  by  transmitted  light,  and  had  a 

vitreous  lustre.    These  latter,  though  apparently  the  most 

were  so  filled  with  minute  particles  of  pyrite  that  for 
'sis  it  was  necessary  for  the  most  part  to  use  those  in  the 
tz. 
le  largest  crystals  had  a  diameter  of  three-quarters  of  an 

but  the  majority  were  much  smaller.  Their  habit  was 
ledral,  with  the  faces  usually  built  up  terrace-like  from  the 
nations  of  the  octahedron  with  the  dodecahedron.  Simple 
cahedrons  were  rare.  No  other  planes  were  observed, 
;h  many  crystals  were  examined.  Good  examples  of  the 
j1  twin  were  occasionally  met  with. 

16  specific  gravity  taken  on  a  piece  of  exceptional  purity 
hing  nearly  two  grams  was  4*58. 

Q  analysis  of  the  gahnite,  made  because  of  the  refractory 
re  of  the  substance  on  half  a  gram,  gave : 

I.                         II.  Mean. 

AUG, 54-61  5504  54*83 

Fe,0, 3-22                  279  3-00 

FeO 3-25                   3*49  337 

MnO tr.                     tr.  tr, 

MgO 2-01                   1-86  1*93 

ZnO 36-91  36-93  36  92 

SiOa  and  insoluble  residue -57                    '48  -53 

100-57  100-59  100-58 
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The  mineral  was  decomposed  by  repeated  f  asion  with  KJS,0^ 
The  insoluble  residue  having  been  filtered  off,  the  zinc  was 
thrown  down  as  sulphide  by  H,S  in  an  HCl  solution — accord- 
ing to  the  method  elaborated  by  Mr.  Osborne  of  this  labora- 
tory*— then  dissolved  and  re-precipitated  as  carbonate.  The 
ignited  ZnO  was  examined  for  iron  and  the  small  amouDt 
found  taken  into  account.  The  alumina  and  iron  were  twice 
precipitated  as  hydroxides  with  NH^OH  and  weighed  together. 
The  iron  was  determined  by  titration  with  permanganate  of 
potash,  and  the  alumina  obtained  by  difference.  The  amount 
of  iron  obtained  was  divided  between  the  protoxide  and  sesqui- 
oxide  in  such  proportion  that  the  oxygen  ratio  should  be  as 
the  formula  demanded.  The  magnesium  was  weighed  as  pyro- 
phosphate. 

Besides  the  pyrite,  which  is  seldom  found  in  crystals  of  any 
size,  the  chalcopyrite  and  the  quartz,  the  minerals  associatd 
more  or  less  intimately  with  the  gahnite  are:  thin  plates  of 
titanic  iron,  sometimes  an  inch  across;  steel  gray  rutile,  occa- 
sionally in  good  crystals;  apatite  in  small  light  green  crystals: 
sphalerite;  garnet ; ^  calcite;  a  triclinic  feldspar  in  greenish 
crystals,  and  epidote. 

The  epidote  occurs  in  curving,  thick  columnar  forms  and 
mostly  in  the  pyrite.  It  is  nearly  opaque  and  of  a  greenish 
gray  color  passing  into  ash  gray. 

An  analysis  showed  that  it  had  the  following  composition: 

I. 

SiOa 38-18 

AlaOa 24-57 

FeoOs 12-16 

MnO  (two  separate  portions)--  -57 

MgO -12 

CaO 21-64 

Alkalies  (one  portion) -37 

H,0 216 

Insoluble  residue '35 


II. 

Mean. 

38-23 

38-20 

24-66 

24-62 

12-24 

12-20 

•57 

•57 

•14 

-13 

21-54 

21-59 

•37 

•37 

217 

216 

•34 

-35 

100-1 1  100-26  100-19 

Ca :  R :  Si  =  409  :  935  :  1-272  or  nearly  4:9:12 

In  this  connection  it  may  be  interesting  to  add  that  during  a 
recent  visit  to  Franklin  Furnace,  New  Jersey,  I  found  the 
gahnite  imbedded  in  magnetite  from  the  "Trotter"  raine. 
One  crystal  ^  of  an  inch  in  diameter  had  the  planes  0, 1, 
I  and  3-3  well  developed. 

Laboratory  of  the  Sheffield  Scientific  School,  April,  1885. 

*  Am.  Chem.  Journ.,  vi,  No.  3. 
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.  LIX — The  Oeneahgy  and  the  Age  of  the  species  in  the 
Southern  Old-tertiary;  by  Otto  Meyer,  Ph.D. 

A.VING  for  some  time*been  engaged  in  the  study  of  the  Old- 
3iry  formation  of  the  Southern  States,  especially  of  Alabama 
Mississippi  I  have  reached  the  following  results : 

This  formation  contains  so  many  forms  that  i.ave  not 
3rto  been  made  known,  that  the  existing  lists,  their  other 
s  not  considered,  can  be  said  to  give  only  a  poor  picture  of 
faana. 

For  the  three  main  localities,  Vicksburg,  Jackson  and 
x>rne,  which  are  succeeding  beds,  a  genealogy  (see  the  table 
»nd)  can  be  made  out  for  many  speciea  They  can  be 
jd  through  two  beds  or  all  three  of  them,  either  remaining 
tared,  or  varying  somewhat,  or  varying  in  such  a  degree, 

different  specific  names  must  be  used.  In  other  words : 
Y  described  and  undescribed  species  are  most  probably 
ected  by  descent 

Since  the  discovery  of  these  beds  it  has  been  generally 
pted,  that  the  '*  Claibornian"  is  the  oldest  and  that  their 
3Ssion  is  as  follows :  Claiborne  (Middle  Eocene),  Jackson 
>er  Eocene),  Vicksburg  (Oligocene) ;  the  existing  maps  are 
ed  accordingly.  This  has  b(^en  done  without  sufficient 
ms  and  it  is  even  very  probable  that  the  succession  is  just 
contrary — Vicksburg  the  oldest  and  Claiborne  the  most 
It  formation. 

3  for  the  new  species  I  hope  to  be  able  to  describe  them 
.  I  am  obliged  to  name  and  describe  a  part  of  them  in  the 
wing  pages  without  figures.  But  most  of  them  are  defined, 
gh  briefly,  yet  exactly,  by  giving  the  differences  from 
i  known  species.  I  think  that  a  paleontologist  collecting 
le  same  locality  will  be  able  to  recognize  them,  and  this 
ore  than  can  be  said  for  many  species  described  and  fig- 

from  this  Tertiary. 

Part  I. 

77ie  Genealogical  delations  of  the  Species. 

we  have  three  formations,  one  above  the  other,  not  sepa- 

I  by  a  geological  gap  or  by  long  geological  times,  but  ap- 

Qtly  deposited  during  a  gradual  rising  of  the  coast,  we  may 

ct  the  following.     Many  of  the  species  will  remain   un* 

ged  or  vary  to  some  extent,  others  will  vary  very  much. 

iriations  of  a  species  disagree  more  and  more  they  may 

Jour.  Scl— Thibd  Series,  Vol.  XXIX.  No.  174.— June,  1885. 
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become  different  species.  Some  species  may  become  extinct 
or  emigrate,  others  may  immigrate.  These  last  points  can  be 
determined  only  by  a  complete  knowledge  of  tne  respective 
faunas.  But  many  of  the  variations  can  be  recognized  with 
the  assistance  even  of  a  part  of  them,  mch  as  is  represented  bj 
our  collections.  All  the  conclusions  in  this  essay  are  based 
upon  material  in  my  possession,  collected  by  me  in  the 
localities  mentioned.  I  nave  used  the  existing  descriptions  and 
figures  only  for  determining  the  specimens  found  in  the  same 
place,  and  have  not  drawn  a  conclusion  nor  made  a  suggestion 
(marked  by  [  ]),  except  by  direct  comparison  of  specimens. 
Thus  the  table  shows  only  the  relations  between  the  materials 
in  my  present  collection,  and  future  collecting  may  add  many 
new  points. 

In  tracing  out  relationships  between  different  species  the  fol- 
lowing considerations  were  guiding. 

Species,  which  disagree  above  a  certain  moderate  extent  in 
their  embryonic  parts,  cannot  be  nearly  allied,  however  similar 
they  may  appear. 

The  differences  between  related  species  must  be  generally  of 
a  more  quantitative  than  qualitative  nature. 

While  some  of  the  qualities  may  differ,  perhaps  even  consid- 
erably,  most  of  them  must  be  expected  to  remain  unchanged. 

If  two  related  species  differ  in  certain  points,  it  is  to  be  ex- 
pected that  they  will  vary  somewhat  in  the  same  points  in  at 
least  one  of  the  localities. 

Very  small  peculiarities  in  teeth,  striae,  pits,  etc,  usually  not 
mentioned  in  descriptions,  are  sometimes  very  characteristic 
of  a  species  and  remain  constant,  when  other  qualities  vary. 
These  little  things  sometimes  give  good  indications  of  relation- 
ships. 

it  must  not  be  forgotten  that  not  the  animals,  but  only  the 
shells  can  be  compared,  and  what  may  be  considered  a  slight 
difference  in  the  shell  may  represent  a  considerable  difference 
in  the  animals ;  or  the  reverse  may  be  the  case.  What  I  deem 
as  too  slight  a  difference  to  make  varietal  or  specific  distinc- 
tions, may  be  thought  by  other  authors  of  sufficient  import- 
ance to  render  these  distinctions  necessary ;  or,  on  the  contrary, 
others  may  find  my  distinctions  exaggerated.  Moreover  I  may 
have  made,  notwithstanding  all  care,  in  one  case  or  another 
entirely  wrong  relationships.  All  these  considerations  may 
influence  every  single  detail  represented  in  the  following  table, 
but  in  general  the  relationships  here  claimed  between  the  three 
faunas  are  beyond  doubt.  From  a  review  of  the  geological  and 
paleontological  evidences  /  cannot  exjylain  these  relations  other 
than  hy  derivation. 

When  Conrad  described  the  Vicksburg  and  Jackson  species, 
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identified  ver^  few  of  them  with  Claiborne  foesila,  but 
mded  new  species  on  very  small  differences.  He  had  often 
say  "  relatedf  to  .  .  .  from  Claiborne."  Afterwards  he 
s  of  the  opinion,  that  the  three  beds  had  no  species  at  all  in 
nmon  ana  gave  new  names  to  those  which  he  formerly  con- 
ered  identical.  It  would  be  very  difficult  to  defend  this  hy- 
thesis  even  if  no  other  species  occurred  in  Jackson  than  those 
ich  he  described,  but  with  a  better  knowledge  of  the  rich 
skson  fauna  it  is  impossible.  The  synonyms  in  parentheses 
the  table  are  the  names  used  by  Conrad.  The  table  will 
plain  itself  in  general  and  in  the  following  pages  only  such 
planations  are  made  as  are  necessary.  The  references  to  the 
mature  of  most  of  the  species  can  be  found  in  the  American 
imal  of  Conchology,  1865,  pp.  1-35.  The  numbers  refer  to 
»se  in  the  table. 

L  From  Jackson  I  have  two  specimens,  which  are  distinguished 
m  Discofluatrellaria  JBouH'LesL  sp.  in  being  flat  and  having 
ger  cells.  I  call  them  DiacqflustreUaria  Jacksonensis.  They 
y  be  a  variety  or  diflerent  species,  but  are  to  be  related  to  the 
libctrnc  form.* 

'.  Pecte7i  LyeUi  Lea  occurs  also  in  Jackson.      I  would  here 
I  attention  to  a  characteristic  mark  that  Lea  does  not  men- 
a, — four  or  three  teeth  on  the  margin  below  the  large  wing. 
I.  Pecten  Deshaysi  Lea  is  very  similar  to  Pecten  nvperus  C. 

this  latter  form  I  relate  that  species  in  Yicksbur^  which 
nrad  omits  from  his  lists,  though  it  .is  the  most  abundaut 
(  in  that  locality.  In  Hilgard's  Geology  of  Mississippi  it  is 
led  Pecten  Poulsoni.    I  have  no  typical  Pecten  PouUoni  Mor- 

from  St.  Stephens,  to  ascertain  whether  this  name  is  right  or 
.  At  first  sight  one  may  be  surprised,  that  I  relate  these 
>  species,  one  of  which  is  moderately  inflated,  while  in  the 
iksDurg  species  one  valve  is  very  ventricose  and  the  other 
Tly  flat.  But  in  this  regard  P.  Poulsoni  varies  considerably. 
e  may  pick  out  valves  which  are  entirely  flat,  and  others 
ich  have  a  relatively  large  inflation,  and  the  agreement  in  the 
amentation  was  of  decisive  value  for  me. 

Pecten  LyeUi  and  Pecten  Deshaysi  are  probably  only  two 
ferent  valves  of  one  species. 

.4.  In  Jackson  occurs  a  species,  Limopsis  radiatus,  n.  sp., 
*eeing  with  Lim,  obliquus  Lea  sp.  from  Claiborne,  but  some- 
at  larger  and  having  radiating  ribs.  The  latter  diflerence  is 
striking,  that  I  should  not  have  related  the  two  species  to  each 
er,  except  perhaps  by  a  [  ],  had  I  not  a  specimen  of  L.  obliqutiSy 
ich  shows  the  same  ribs.     Though  they  are  less  distinct  they 

formed  in  the  same  manner  as  in  the  Jackson  form  by  nodules 
the  concentric  striae. 
6.  The  two  Claiborne  species,  Leda  plicata  Lea  sp.  and  Leda 

The  danger  of  misrepresenting  Mr.  Meyer,  in  attempting  to  remove  his  Ger 
I  idioms,  leads  us  to  leave  them  as  written. — Eds. 
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media  Lea  sp.  have  the  following  differences.     L.  pliccUa  is  com- 
pressed, very  inaequilateral;  the  concentric  ribs  continue  over  its 
anterior  portion  and  on  this  portion  there  is  a  radiating  furrow. 
i.  media  is  more  inflated,  the  beaks  are  medial,  the  concentric 
ribs  look  as  if  erased  on  the  anterior  portion  and  there  is  no  fur- 
row.    In  Jackson  a  species  is  not  rare  which  may  be  called  Leda 
mater.      I  have  also   a  specimen   of  it   from  Claiborne.     This 
species  has  the  inequilateral  form  of  i.  plicata ;  the  position  of 
the  beak  however  is  not  quite  constant  and  is  sometimes  a  little 
more  medial.     It  is  inflated  like  L,  media^  but  some  specimens  are 
more  compressed.     The  folds  on  the  surface  continue  generally 
over  the  anterior  portion,  but  become  less  distinct  there  and  some- 
times even  vanish.     A  slight  furrowing  of  the  anterior  portion 
may  be  noticed  in  most  of  the  specimens,  but  not  in  all.    In  short, 
Leda  mater  in  Jackson  stands  between  X.  plicata  and  X.  media; 
it  varies  in  certain  features,  and  the  same  features  constitute  in  a 
developed  form  the  differences  between  the  two  species  in  Clai- 
borne.    From  these  facts  the  conclasion  might  be  deduced,  that 
the  two  species  are  also  derived  from  i.  mater. 

\1  and  18.  Astarte  sulcata  Lea  occurs  in  Jackson  with  more 
numerous  concentric  ribs  and  seems  to  be  generally  stouter  than  in 
Claiborne ;  this  may  justify  a  varietal  name  var.  Jacksonensis.  It 
is  very  singular  that  the  same  differences  exist  between  AstarU 
Nicklini  Lea  and  Astarte  parilis  C.?,*  so  that  we  find  two  simi- 
larly looking  species  of  one  locality  altered  in  the  s^me  manner 
in  the  other  place. 

19.  Astarte  (Micromeris)  parva  Lea  occurs  also  in  Vicksbnrg 
in  a  form  which  is  broader  and  less  nbbed,  var.  Vickshxirgtnm. 
A  specimen  from  Jackson  is  more  similar  to  the  Claiborne  form. 

22.  In  Jackson  occurs  Venericardia  diversidentata^  n.  sp.,  similar 
to  Verier,  rotunda  Lea,  but  with  a  larger  beak,  and  the  tooth  of 
the  left  valve  horizontal,  while  in  the  Claiborne  species  it  rises 
obliquely.  Though  one  of  the  Claiborne  specimens  has  also  a 
large  beak,  the  differences  appear  to  me  of  such  importance  as  to 
require  a  new  specific  name.  The  relation  to  Vener.  rotunda  is 
so  obvious,  that  for  instance  in  Hilgard's  Geology  of  Missis- 
sippi it  is  enumerated  under  this  name.  In  the  young  specimens 
of  the  Claiborne  species  the  tooth  has  nearly,  or  perhaps  entirely, 
the  same  form  as  in  the  Jackson  species. 

23.  Venericardia  parva  Lea  occurs  in  Jackson  in  a  smaller 
form  with  straighter  lateral  margins.  These  two  qualities  are 
not  constant  in  Claiborne,  and  the  distinction  is  properly  made  by 
a  varietal  name,  var.  Jacksonensis. 

24.  A  specimen  from  Claiborne  resembles  Venericardia  parva 
Lea,  but  is  very  distinct  by  being  still  smaller,  very  much  inflat- 
ed, having  a  much  larger  beak  and  less  nodulous  ribs.  It  maybe 
called  Venericardia  inflatior.  The  same  form  is  also  rare  in 
Jackson  in  a  variety  with  straighter  lateral  margins,  var.  Jackson- 
ensis. 

*  There  exists  do  description  of  this  species  and  flrom  the  poor  figure  I  can  only 
guess  tkua  deteTminaUoTi. 


0.  Meyer — Species  in  the  Southern  Old-tertiary,      461 

.  I  have  Luciua  Mississippiensis  C.  only  from  Jackson  and 
13  the  only  exception  to  the  rule,  to  compare  only  speci- 
8.  But  this  Lucina  is  very  characteristic  and  agrees  exactly 
t  the  figure  and  description  of  the  Vicksburg  species. 
).  A  species  of  Lucina  is  common  in  Jackson,  and  not  very 
in  Vicksburg,  which  is  suborbicular  and  rather  flat.  Lateral 
li  are  obsolete;  beak  medial,  acute  and  turned  anteriorly, 
tenor  margin  is  truncated  and  posterior  extremity  subcanali- 
ted.  It  is  covered  with  concentric  strisB,  less  numerous  on 
posterior  side,  which  have  a  tendency  to  become  prominent 
he  carina  and  near  the  margins.  Margin  entire.  This  species 
)t  named  as  it  may  perhaps  be  identical  with  Conrad's  Lucina 
ibornensis*  although  Conrad  says  in  his  description  "inequi- 
•al."  He  describes  this  species  from  Claiborne,  but  from  a 
oup  at  the  base  of  Claiborne  Bluff,  belonging  to  an  older  divi- 
ot  the  Eocene  than  the  Claiborne  group  above." 
[.  Cardiam  NicoUeti  C,  from  Jackson,  and  Cardium  diversum 
rom  Vick«burg  have  only  quantitative  differences  in  the  orna- 
tation. 

J.  The  genus  Cytherea  seems  here  to  vary  very  much.  It  is 
only  difficult  to  find  out  relations  between  the  species,  but 
1  to  separate  the  species,  especially  in  Claiborne,  when  the 
erial  of  the  lowest  and  highest  Claibornian  (see  part  II)  is 
ed.  In  Jackson  the  genus  is  rarest  and  my  material  from 
locality  poor.  One  perfect  specimen  from  Jackson,  Cytherea 
ksonensis,  n.  sp.,  agrees  with  Cytherea  Hydi  Lea,  but  has  a 
•ower  hinge.  The  size  of  the  hinge  in  Claiborne,  however,  is 
quite  constant. 

>.  A  rather  common  Tellina  in  Jackson  is  a  larger  and  stouter 
ety,  var.  robustGy  of  a  Vicksburg  species,  which  I  determined 
VeUina  Vickainirgensis  C.  A  young  Jackson  specimen  has 
same  form  as  one  of  the  stouter  Vicksburg  specimens. 
5.  In  Jackson  occur  fragments,  which  seem  to  differ  merely 
ize  from  Periploma  Claibomensis  Lea  sp.,  which  species  also 
mown  only  in  these  fragments.  The  Jackson  form  may  be 
ed  var.  parva. 

7.  In  Jackson  occurs  a  species  of  Mactra,  which  is  almost 
ilateral,  but  otherwise  does  not  differ  from  Mactra  pygmaea 
,  from  Claiborne.  As  the  forms  vary  in  both  localities  they 
most  probably  to  be  related.  The  Jackson  specimens  are  very 
ilar  or  identical  with  a  species  in  Vicksburg,  which  is  perhaps 
it  Conrad  called  Mactra  funerata, 

B.  A  new  species,  Mactra  inornata,  occurs  in  Jackson.  It  is 
11,  somewhat  'flattened,  inequilateral  and  has  a  rather  solid 
1.  The  margin  is  entire,  the  lower  margin  rather  straight. 
(Centric  striae  on  the  extremities  are  seldom  noticeable,  because 
surface  is  mostly  water-worn.  In  a  specimen  from  Claiborne 
.nnot  find  any  difference.  A  specimen  from  Vicksburg  is  rela- 
ily  higher. 

*  Am.  Jour.  Conch.,  1865,  p.  146. 
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39.  A  Corbula  in  Jackson  differs  from  Corbula  gibhosa  Lea  in 
having  less  distinct  concentric  ribs  and  a  macb  smaller  beak. 
The  last  difference  is  important  enough  to  justify  a  new  name 
Corbula  Willistoni*  but  otherwise  the  details  are  alike. 

40.  Corbula  bicarinata  C.  from  Jackson  differs  from  C.  Murch- 
iaoni  Lea  in  having  the  concentric  ribs  somewhat  more  numerous 
and  the  umbonial  carina  less  distinct,  but  this  variation  is  slight 

41.  Corbula  denaata  C.  from  Jackson  has  indeed,  as  Conrad 
says,  a  shorter  form  and  a  more  rounded  base  than  (7.  Alabami- 
efisis  Lea,  but  there  are  quite  a  number  of  specimens  of  almost  the 
same  appearance  in  Claiborne,  which  I  tried  in  vain  to  separate 
specifically  from  the  elongated  forms.  So  the  stout  specimens 
can  be  considered  only  a  variety. 

43.  From  Vicksburg  and  Claiborne  I  have  a  Dentalium,  which 
agrees  with  my  specimens  of  Dent,  microstria  Heilpr.f  from 
Wood's  Bluff.  One  of  the  Claiborne  specimens  has  the  posterior 
aperture  complete,  showing  an  emargination  and  opposite  to  it  a 
fissure.  Although  Heilprm  in  his  description  says  '^posterior 
aperture  entire,  there  being  no  fissure,"  I  have  little  doubt  that  it 
is  the  same  species  and  that  he  described  an  incomplete  aperture. 
The  species  is  too  rare  and  occurs  too  fragmentarily  to  enable  me 
to  give  a  sure  representation  of  its  variation. 

44.  A  small,  smooth,  even  somewhat  polished  Dentalium,  occ^^ 
ring  in  Yicksburg  and  Jackson,  is  distinguished  from  all  other 
American  species  by  being  compressed,  the  section  showing  ahont 
the  form  of  an  egg.  It  resembles  remarkably  that  species  from 
the  German  Oligocene,  which  I  described  as  Dentalium  compru- 
8um,X  To  indicate  this  relation  it  may  be  called  Dentalium  sub- 
compressum, 

45.  In  Claiborne  occurs  a  Dentalium,  which  has  not  been  de- 
scribed, though  fragments  of  it  are  not  rare.  The  shell  is  solid, 
smooth  without  any  ribs ;  section  circular.  The  posterior  aper- 
ture is  formed  very  characteristically.  The  margin  is  notched 
twice;  the  notches  are  opposite,  deep  and  almost  of  the  same  size 
as  the  remaining  two  opposite  prominences  of  the  margin.  From 
within,  a  little  tube  rises.  This  species  may  be  called  Dentalium 
Leai  in  honor  of  I.  Lea,  whose  "Contributions  to  Geology"  I 
consider  as  the  best  part  of  the  American  Tertiary  literature.  In 
Jackson  occurs  a  species,  fragments  of  which  cannot  be  distin- 
guished from  the  Claiborne  form.  The  posterior  aperture  how- 
ever, although  showing  also  the  little  tube,  has  only  one  of  the 
notches,  which  moreover  is  less  deep.  It  may  be  called  Dentalium 
Danai,  As  the  other  notch  is  at  least  indicated  by  a  slight 
emargination,  the  species  are  to  be  related  to  each  other. 

46.  In  Vicksbnrg  and  Jackson  occur  quite  a  number  of  species 
of  Cadulus.  One  of  them  in  Jackson,  Cadulus  JacksonensiSy 
n.  sp.,  is  the   largest   one.     The  inflation  is  near   the   anterior 

*  In  honor  of  my  friend  Dr.  S.  W.  Williston,  U.  S.  Geological  Survey. 

t  Proc.  Ac.  Nat.  Sc.  Philad.,  1880,  p.  375. 

j  Jahresb.  d.  Senckenb.  Naturf.  Gesellsch.,  Frankfurt  a.  M.,  1882-3,  p.  25S. 
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are.  Aperture  and  section  are  not  circular  but  ovate,  the 
es,  however,  is  not  as  much  depressed  as  Caduitis  depreS' 
[eyer*  from  Claiborne.  The  most  characteristic  is  the  poste- 
ipertnre.  By  foiir  notches  or  tissures  this  end  is  divided  into 
barret-like  appendages,  similar  to  what  Lea  describes  in  his 
alium  twrritum.  Of  these  four  prominences  only  the  oppo- 
)ne8  are  alike;  two  are  small  and  simple,  the  other  two 
\  and  slightly  emarginate  in  the  middle.  The  largest  spe- 
n  Yicksburg  has  apparently  the  same  form  and  almost  the 
aperture,  but  in  the  emargmation  of  the  two  lar^e  appen- 
}  there  seems  to  be  a  difference,  and  the  specimens  are 
er  than  in  Jackson.  It  may  be  considered  either  a  variety 
]ifferent  species,  and  may  be  called  Cadulua  Vtckrimrgensis, 
hat  Lea  described  as  Dentalium  turritum  is  apparently  a 
aent  of  a  large  Cadulus  with  well  preserved  posterior  aper- 
and  not  a  fragment  of  a  Dentalium  with  '^  accidental"  aper- 
as  Conrad  once  suggested.  As  Lea,  who  observed  very  ex- 
,  writes  "  aperture  round"  it  is  probably  not  identical  with  the 
gly  compressed  Cad,  compressus  Meyer.  I  found  of  the  lat- 
>ecies,  unfortunately,  no  well  preserved  posterior  termination, 
lot  having  seen  Lea's  type-specimen  I  cannot  have  a  decided 
on  about  the  relation  of  the  Jackson  to  the  Claiborne 
es. 

From  Claiborne  I  have  two  species  of  Teinostoma.  Both 
mall,  the  umbilical  region  is  completely  covered  bya  callus, 
1  has  a  tendency  to  spread  over  the  whole  shell.  Where  it 
not  cover  the  shell,  revolving  lines  are  to  be  noticed.  The 
ipecies  differ  very  much,  as  one  of  them,  Teinostoma  subro- 
If  n.  sp.,  has  the  last  whorl  with  an  almost  imperceptible 
!,  while  the  other,  Teinostoma  angvlariSy  n.  sp.,  is  extremely 
ated.  In  Jackson  occurs  Teinostoma  VerriUiy  n.  sp.,  which 
s  from  Tein,  subrotunda  in  having  a  more  distinct  angle  and 
ing  no  revolving  lines.  In  a  young  specimen  from  Vicks- 
I  find  no  difference  from  the  young  Jackson  form. 

Solarium  Henrici  Lea,  from  Claiborne  agrees  with  Solarium 
striatum  C.  from  Jackson,  but  in  the  latter  species  there  are 
•evolving,  impressed  lines  directly  above  the  suture  very  dis- 
y  developed,  while  in  the  Claiborne  form  they  are  only  indi- 

or  quite  obsolete.  At  the  base  of  S.  Henrici  we  find  one 
ict  line  around  the  umbilicus  and  an  indistinct  one  along  the 
in ;  at  the  base  of  the  Jackson  species  the  umbilical  line  is 
much  impressed,  along  the  margin  there  are  two  distinct 
and  one  more  line  on  the  middle  of  the  whorl.  Some  of 
ackson  specimens  show  indistinct  traces  of  more  longitudinal 
;  these  other  revolving  lines  are  fully  developed  in  the  Vicks- 
species,  Solarium  triliratum  C. 

is  relation  between  the  three  forms  is  one  of  the  best  illustra- 
of  evolution,  which  can  here  be  brought  forth.  The  three 
ia  appear  different  enough  to  justify  specific  names.      On 

*  Proc.  Ac.  Nat.  Sc.  Philad.,  1884,  p.  111. 
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the  other  hand  the  resemblance  is  too  evident  to  be  overlooked. 
The  Jackson  form  may  be  said  to  stand  exactly  in  the  middle  and 
without  this  connecting  link  the  difference  between  the  Vicb- 
burg  and  the  Claiborne  species  might  appear  too  great  to  indi- 
cate their  derivation. 

51.  TurrUdla  carincUa  Lea  varies  to  such  an  extent  in  Clai- 
boriiey  that  the  specimens  there  disagree  at  least  as  much  from 
each  other  as  they  are  different  from  the  forms  in  Jackson  and 
Vicksburg.  For  this  reason  I  prefer  not  to  use  varietal  names 
for  these  two  localities. 

52.  Turritella  lineata  Lea,  from  Claiborne,  increases  in  width 
much  more  rapidly  than  T.  alvecUa  C.  from  Jackson,  where  the 
first  whorls  are  flat  and  only  the  older  whorls  become  rounded. 
But  these  species  are  perhaps  to  be  related  to  each  other. 

56.  The  Claiborne  species  Natica  parva  Lea  reaches  in  Jackwn 
a  considerable  size.  The  umbilicus  seems  to  be  a  little  smaller 
and  also  the  broad  emargination  of  the  inner  lip  near  the  umbili- 
cus seems  to  be  slighter,  but  I  will  not  propose  a  special  vari- 
etal name.  A  characteristic  of  Natica  parva  is  that  the  upper 
part  of  the  whorls  is  broadly  canaliculated.  This  quality  is  oogo- 
fete  in  a  new  species  from  Vicksburg,  Natica  decipiens.  As  form 
and  umbilicus,  Jiowever,  are  alike,  and  smaller  markings  agrc% 
for  instance  a  callous  prominence  on  the  posterior  part  of  the 
mouthy  I  relate  them  to  each  other. 

59.  Besides  Eulima  aciculata  Lea  sp.,  there  is  in  Claiboroe  a 
very  rare  species  of  Eulima,  as  highly  polished  and  of  about  the 
same  form,  which  is  characterized  by  an  indistinct  suture.  The 
same  species  is  less  rare  in  Jackson  and  Vicksburg,  at  least  I  cau- 
not  detect  specific  differences.  Eulima  exilis  Gabb,  from  Texas, 
which  I  do  not  have,  seems  to  have  the  same  indistinct  suture, 
and  is  perhaps  identical. 

61.  In  Jackson  occurs  a  species  nearly  allied  to  Distortrix 
septemdentata  Gabb  from  Texas.  It  differs  in  having  the  canal 
somewhat  reflected,  being  more  callous  on  the  inner  lip,  having 
more  prominent  varices  and  more  distinct  transverse  ribs.  It 
may  be  called  Distortrix  Jacksottensis,  This  species  is  probably 
to  be  related  to  Distortrix  crassidens  C.  from  Vicksburg. 

65.  In  Jackson  and  Vicksburg  occurs  a  species,  Fuaiis  BotU- 
geri*  n.  sp.,  closely  allied  to  Fusus  suhtenuis  Heilpr.  from  Wood's 
Bluff.  The  only  essential  difference  seems  to  be  that  the  Jackson 
form  has  the  inner  lip  covered  by  callus  on  which  there  are  nu- 
merous little  prominences,  while  this  callus  does  not  exist  in  F. 
subtenuis. 

68.  A  species  in  Jackson,  Turhindla  humilior^  n.  sp.,  differs 
from  Turhinella  protracta  C.  in  being  shorter  and  stouter  and 
having  a  somewhat  reflected  canal.  The  two  species  agree  other- 
wise ;  for  instance  the  following  marks  at  the  mouth  are  common 
to  both.     On  the  inner  lip  there  are  three  little  prominent  folds; 

*  In  honor  of  my  friend,  the  able  and  careful  naturalist,  Ogcar  Boettger,  in 
Frankfurt  a.  M. 
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on  the  posterior  part  is  a  callous  promiDence;  in  a  certain  rather 
laree  distance  from  the  outer  lip  there  are  seven  elevated  striie 
within ;  at  the  beginning  of  the  canal  is  a  tooth-like  prominence. 

In  the  younger  specimens  from  Jackson  the  canal  is  straiter 
than  in  the  older  ones. 

69.  In  Jackson  occurs  a  species,  FulgurJUiua^  n.  sp.,  which  has 
the  form  f>f  F,  Jtfississippiensis  C.  from  Vicksburg.  The  coarse 
part  of  the  sculpture  is  also  similar,  but  the  surface  is  covered 
with  fine,  closely  set,  elevated  revolving  lines.  In  the  largest  of 
my  Vicksburg  specimens  the  following  can  be  seen :  In  the 
youngest  reticulated  whorl  there  are  only  the  large  revolving  lines, 
then  a  small  line  appears  in  the  middle  of  the  large  ones  and  final- 
ly one  more  line  appears  in  the  intei'stices.  If  we  imagine  this 
process  repeated  twice  more,  we  obtain  the  finely  striated  surface 
of  Ffilius^  and  indeed  this  same  process  can  be  traced  along  the 
whprls  of  the  Jackson  form,  so  that  we  can  say,  the  young  F, 
fUitts  repeats  the  old  F.  Missisaippiensis. 

72.  A  Marginella  in  Jackson  agrees  essentially  with  specimens 
from  Claiborne,  which  I  determined  as  Marg.  incurva  Lea,  but 
seems  to  be  generally  larger  and  much  inclined  to  deposit  callus 
cin  the  posterior  part  of  the  mouth.  It  may  be  called  var.  Jack- 
ionensis. 

74.  Mitra  dumoaa  C,  from  Jackson,  is  more  slender  abd  orna- 
mented than  M.  pucttlis  C,  from  Claiborne,  but  both  qualities 
vary  in  both  places  and  M.  dumosa  cannot  be  considered  more 
than  a  variety. 

75.  One  of  the  most  difficult  genera  is  Oliva.  On  one  side  the 
species  vary  very  much,  especially  in  form.  Any  doubt  about 
this  is  removed  by  two  specimens  of  a  common  species  in  Jackson, 
where  the  color  is  preserved.  On  the  other  hand  it  may  be  that 
different  species  in  the  fossil  state  are  distinguished  only  by  small 
differences. 

I  relate  three  species  to  each  other,  olc  from  Claiborne,  deter- 
mined as  Oliva  gracilis  Lea,  the  above  mentioned  one  from  Jack- 
son, whicl)  is  generally  stouter,  and  Oliva  Mississippiensis  C,  from 
Vicksburg,  which  is  larger  and  a^ain  stouter  and  where  the  main 
inflation  is  generally  somewhat  higher.  The  Jackson  species  may 
be  called  Oliva  media. 

76.  A  specimen  from  Vicksburg,  which  may  be  Conrad's  Can- 
eellaria  Jttneralay  resembles  much  a  specimen  from  Jackson  (not 
the  common  Cancellaria).  A  disagreement  in  the  third  embry- 
onic whorls,  however,  may  indicate  a  different  origin. 

77.  The  Vicksburg  species  Terehra  divisura  C.  is  rather  com- 
mon in  Jackson,  but  from  Claiborne  I  have  only  one  imperfect 
specimen.  The  variation  seems  to  be  mainly  in  the  distinctness 
of  the  line  below  the  suture. 

78.  The  genus  Pleurotoma,  of  which  numerous  species  occur  in 
the  three  deposits,  must  have  varied  or  migrated  very  much  at 
this  time,  or  both.  Two  species  look  similar,  Fleur,  Lonsdali 
Lea  from  Claiborne  and  a  species  in  Vicksburg  {Pleur.  Missiasip- 
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piensis  C.  ?).    Bat  my  material  is  not  complete  enoagh  to  allow 
a  conclasion  Id  regard  to  a  relationship. 

In  Jackson  occurs  a  species,  Pleurotoma  exeeulpta^  tu  sp.,  which 
differs  from  Pleur,  tenelta  C,  from  Vicksburg,  in  having  the  onur 
mentation,  especially  the  transverse  strife,  more  distinctly  worked 
out  and  the  canal  shorter.  The  length  of  the  canal  of  P,  Uneila^ 
however,  varies  a  little  and  I  consider  the  two  species  to  be 
related. 

79.  Conue  UyriUis  C.  and  Con.  alveatua  C.  are  only  slight  vi- 
riations  of  Conue  sauridens  C. 

80.  In  Vicksburg  occurs  a  new  species,  Conue  protraeta.  It 
approaches  in  its  form  the  genus  Conorbis.  The  lower  part  is  al- 
most like  that  of  (Jonue  aauridens  C,  but  it  is  a  smaller  species. 
The  spire  is  elevated,  forming  the  third  pai*t  of  the  shell,  is  with- 
out ^revolving  lines  and  has  one  or  two  smooth  embryonic  whorls 
more  than  u.  sauridens.  In  Jackson  occurs  a  similar  form  bnt 
with  revolving  lines  on  the  spire,  Conus  JackeonenHs^  n.  sp. 
Probably  both  species  are  to  be  related  to  each  other. 

81.  A  species  in  Jackson,  Actceon  annectenSy  n.  sp.,  is  similar 
and  related  to  Act,  punctcUus  Lea,  but  it  is  smaller,  has  a  more 
regularly  rounded  form  than  the  Claiborne  species  generally  has, 
and  the  fine  transverse  striae  are  less  closely  set.  The  largest 
specimen  moreover  has  an  indistinct  second  fold  above  the  larger 
first  one. 

84.  From  Claiborne  I  have  a  complete  specimen  of  Cylicbna, 
which  belongs  to  the  subgenus  Yolvula.  A  similar  or  identical 
species  occurs  in  Jackson.  After  a  comparison  with  my  speci- 
mens of  JBuUa  radius  Desh.  I  am  inclined  to  identify  the  Ameri- 
can and  French  species.  What  Gabb  describes  as  Vblvula  Con- 
radiana  from  Texas  must  be  nearly  allied  or  identical. 

In  the  table  C,  stands  for  Conrad^  Mr,  for  Meyer. 


Table  showing  the  Successional  relations  op  the  Vicksbubq,  Jackso.v  axd  Cl.ubc 
SPECIES.    The  symbol  >  signifies  decreasing  in  abundance  in  thb  direction  to« 

which  it  points,  and  f  ]  THAT  THE  RELATIONJ  ARE  DOtTBTFUL. 


VICKSBURG. 


Nodosaria  obliqiia  L.  sp. 


JACKSON. 


1,  Foraminifera. 
iNTodosaria  obliqua  L.  sp. 

j  S,  Bryozoa, 

LuQulitea  interstitia  Lea  8p.> 
Discoflustrellaria    Bouei    Lea 

S,  Corals, 

1 

Turbinolia  pharetra  Lea.  < 

Kndopachys  Macluri  Lea  sp. 

.Platjtrochus  nanus  i>a  sp. 


CLAIBOBNE. 


Nodosaria  obliqtia  L.  sp. 


Lunulites  interstitia  Lta  i| 
Discoflustrellaria  Jack»>M 
Mr. 


Turbinolia  pharetra  Le-i 
Kndopachys  Macluri  Lta  t 
Platjtrochus  nanus  Lea  ^ 
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VICKSBUBQ. 


(Potilsoni  Morton  f)'> 
ei  GlaiborneiiBis  Lea, 
irgentea  C.) 
Byssoarca)  Mississippi' 
;  C. 

>rotracta  C.  f)  sp. 
cuius  arctatus  C, 


ovula  Lea  var.  Vicks- 
eosis  C.  or?  Nucula 
sburgensis  C. 


)  parva  Lea  var.  Vicks- 
ensia  Ifr. 
18  minutus  C. 


JACKSON. 


ella  MississippieDsis  C, 


Mississippiensis  C. 
perlevis  C. 

sp. 

Q  diversum  C. 


"ea  sobriua  (7.] 
VicksburgeDsis  C. 


(fuuerata  C.f) 
sp. 


i.  LameUibranchiata. 

Pecteu  Lyelh  Lea,  >  ) 
Pecten  nuperus  (7.  >  ) 
Avicula  Claibomensia  Lea. 

Area  (Bjssoarca)  Mississippi 

ensis  C. 
Area  rhomboidella  Lea  var. 
PectuDCulus  arctatus  C.  {var.  ?) 
PectuDCulus  Broderipi  Lea. 

Limopsis  radiatus  Ifr. 
Nucula  oyula  Lea  (yar.  ?) 


Leda  mater  Mr, 

Astarte  sulcata  Lea  var.  Jack- 

sonensis  Mr. 
Astarte  Nicklioi  Lea.  yar.  pa- 

rilis  a  {A.  parilis  C.) 
Astarte    (Micromeris)    parya 

Leti, 
<  AlyeinuB  minutus  C.  > 
Veuericardia  planicosta  Lam. 
Yenericardia      diyersidentata 

Mr. 
Veuericardia  parya  Lea  var. 

Jacksonensis  Mr. 
Yenericardia  inflatior  Mr.  yar. 

Jacksonensis  Mr. 
? 
Crassatella   protexca   C.  yar. 

flexura  C.  (Or.  flexura  C) 
Lucina  Mississippifnsis  C. 
Lucina  perleyis  C. 
Lucina  papyracea  Lea. 
Lucina  sp. 

Cardium  Nicolleti  0. 
Gjtherea  minima  Xea. 
Cytherea  Jacksonensis  Mr, 

« 

Telliua  Yicksburgensis  C.  var. 

robusta  Mr. 
Periploma  Claiborne nsis  var. 

parva  Mr. 
Mactra  (funerata  C.  var.  ?) 
Mactra  inoruata  Mr. 
Corbula  Willistoni  Mr.  < 
Corbula   Murchisoni  Lea  var. 

bicariuata  0.  (C.  bicarinata 

G.) 
Corbula  Alabamiensis  Lea  var. 

densata  C.  (C.  densata  C.) 


CLAIBOBNS. 


Pecten  LyelU  Lea.  \ 
Pecten  Deshaysi  Lea,  ) 
Avicula  Claibomensis  Lea. 


Area  rhomboidella  Lea. 
Pectunculus  arctatus  C,  (var.?) 
Pectunculus  Broderipi  Lea  var. 

fllosus  C,  (P.  fliosus  C.) 
Limopsis  obliquus  Lea  sp. 
Nucula  OTula  Lea, 


1 


>  [Leda  plicata  Lea  sp.] 

>  Leda  mater  Mr,  (var.  ?) 
[Leda  media  Lea  sp.  J 

Astarte  sulcata  Mr, 


Astarte  Nicklini  Lea, 

Astarte  (Micromeris)  parva Zm 

AlveinuB  minutus  C, 
Yenericardia  planicosta  Lam. 
Yenericardia  rotunda  Lea 

c  Yenericardia  parva  Lea, 

Yenericardia  inflatior  Mr. 

Crassatella  alta  C, 
Crassatella  protexta  C. 


Lucina  papyracea  Lea. 


Cytherea  minima  Lea. 
<  Cytherea  Hydi  Le(L 
Cytherea  comis  Lea. 


Periploma  Claibomensis  Lea, 

Mactra  pygmeea  Lea, 
Mactra  inomata  Mr. 
Corbula  gibbosa  Lea. 
Corbula  Mu^chisoni  Lea. 


Corbula  Alabamieosis  Zeo. 
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YICESBURO. 


Solanum  triliratum  C. 
Turritella  carinata  Lea. 
(T.  Mississippiensis  C.) 


42 

43 
44 
45 
46 
47 
48 
49 

50 
51 

62 

63  Trochita  trochiformis  Lea. 

54 

55'Sigarotn8  Mississippiensis  C. 

56jNatica  decipiens  Mr. 

57  [Nacica  (semiluData  Lea  ?)1 

68jrNatica  Vicksburgensis  C.j 

69iEuliiDa  sp. 

60 


61  Distortrix  crassidens  C. 
62 1 


63  jBuccinum  MississippieDsis  C.> 

64|[Fusuaaltili8  C] 

65  Fiisus  Ba'ttgeri  Mr.  < 

66| 

67  Turbinella  perexilis  C. 


JACKSON. 


Dentalium  alternatum  Lea. 

(D.  Mississippiensis  C.) 

Dentalium  microstria  Heilpr.f 

Dentalium  subcoinpressum  Mr. 

Cadulus  Vicksbiirgensis  Mr. 
Teinostoma  Verrilli  Mr. 


6,  Olo88ophora, 
Dentalium  alternatum  Xca. 


CLAIBORNE. 


68 
69 
70 

71 
72 

73 

74 

75 
76 
77 
78 
79 

80 
81 
82 
83 
84 


Turbinella  protracta   C. 
Fulgur  Miseissippiensis   C.  sp. 


Mitra  conquisita  C. 


Oliva  Mississippiensis  C. 
fCancellaria  (funerata  C.  t)] 
Terebra  divisura  C. 
Pleurotoma  tenella  C. 
Conus  saiiride^s  C.   (C.  alvea- 

tus   C.) 
[Conns  protracta  Mr.  ] 


Dentalium  sul»oompres8um  J/r, 
Dentalium  Danai  Mr. 
Cadulus  Jacksonensis  Mr. 
Teinostoma  Verrilli  Mr. 
Solarium  bilineaium  Lea. 
Solarium    ornatum    Lea   v&r. 

acutum  C.  (S.  acuturo  C.) 
Solarium  bellastriatum  C, 
Turritella  carinata  Lea. 

[Turritella  alveata  C] 
Trochita  trochiformis  Lea.  (71 

alta  C.) 
Hipponyx  pygmiea  Lea 
Sigaretus  Mississippiensis  C. 
Natica  parva  Lea. 
Natica  semilunata  Lea 
Natica  permunda  C. 
Knlima  sp.  > 
RostellHria  Lamarcki  Lea  (R. 

staminea  C.)  > 
[Distortrix  Jacksonensis  Mr.] 
Fseudoliva  pyruloides  Lea  sp. 

var.  perspectiva  C.  (P.  per- 

spectjva  C.)  > 
Buccinum  Mississippiensis  C. 
Fusiis  sp. 

Fusus  Boettgeri  Mr. 
Clavella  humerosa  C. 
[Turbinella  jierexilis  C.  t] 
Turbincjla  humilior  Mr. 
Fulgur  filius  Mr. 
Voluta    (Scapha)    Parkinsoni 

Lea  (Caricella  poll  la  C.) 
Marginella  semen  Lea. 
Marginella  incurva  Leaf  var. 

Jacksonensis  Mr. 
Mitra  conquisita  C.  (M.  Mel- 

lingtoni  6^) 
Miira  pactilis  C.  var.  dumosa 

C.  (M.  dumosa  C.)  > 
Oliva  media  Mr. 
Canceliaria  sp. 
Terebra  divisura  C. 
Pleurotoma  exsculpta  Mr. 
Conns  sauridens  C.  (C.  tortilis 

C.) 
Conus  Jacksonensis  Mr. 
Actaeon  annectens  Mr. 
Acticon  lineatns  Lea. 
Cylichna  Dekayi  Lea  (var.  ?) 
Cylichna  confr.  radius  Desk. 


Dentalium  alternatum  Ut; 

Dentalium  microstria  Ai 

f^ntalium  Leai  Mr. 
[Cadulus  compressus  Mr.\ 
Teinostoma  subrotuDdi  m 
Solarium  bilineaium  Lta. 
Solarium  omalum  Lea. 

Solanum  Henripi  Lea 
Turritella  carinata  Lea. 

Turritella  lineata  Lea. 
Trochita  trochiformis  let. 


Hipponyx  pygmasa  Lea. 
Sigaretus  striatus  Lea  sp. 
Xatica  parva  Lea. 
Natica  semilunata  Lea. 

Rulima  sp. 
Rostellaria  Lamardnlti, 


Pseudoliva  pyruloides  Let 

[Fusus  spiniger  C] 
Clavella  raphanoides  C. 


Voluta    (Scapha)    Parkim 

Lea. 
Marginella  semen  Lea. 
Marginella  incurva  Lea  f 


Mitra  pactilis  C. 
Oliva  gracilis  Lea  f 

>  Terebra  divisura  C. 

>  Conus  sauridens  C. 


Actjieon  punctatus  Lt<i. 
Actieon  lineatus  Len. 
Cylichna  Dekayi  Lea. 
Cylichna  confr.  radius  iWI 
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.  LX. —  On  Meteoric  Iron  from  THniiy  County^  California; 
by  Charles  Upham  Shepard. 

)R  my  knowledge  of  the  meteorite  here  described  I  am  in- 
3d  to  Col.  Joseph  Willcox,  of  Philadelphia,  who  incidentally 
iioned  to  me  last  autumn  that  he  had  seen  some  years  a^o 
tallic  mass  at  Holmes'  Hole,  Mass.,  brought  from  California, 
he  suspected  to  be  of  meteoric  origin.  It  was  in  the  posses- 
of  Captain  C.  W.  Davis,  who  procured  it  ten  years  ago 
anyon  City,  in  Trinity  County.  Through  the  kindness  of 
A,  F.  Crowell  of  Wood's  Holl,  a  few  grams  were  ob- 
id  from  Captain  Davis  for  examination  and  analysis ;  the 
X  of  which  has  been  that  the  meteoric  origin,  at  first  regar- 
as  doubtful,  has  been  established, 
le  first  portions  that  were  detached  had  the  appearance  of 

limonite ;  but  were  afterwards  proven  to  contain  min- 
particles  of  nickeliferous  iron,  whereby  small  fragments 

readily  attracted  by  the  magnet.  The  thickness  of  the 
t  affording  this  limonite  must  have  been  at  least  a  tenth 
3  inch  ;  whence  it  may  be  inferred,  that  the  meteorite  had 
nated  in  a  very  ancient  fall.  The  specific  gravity  of  the 
nite  was  between  3*81  and  404.  It  was  compact,  but 
led  to  pulverization,  with  exception  of  occasional  very 
metallic  grains,  that  flattened  slightly  by  extreme  pressure 
*r  the  pestle.  The  application  of  the  magnet  took  up 
3  than  half  of  this  powder,  which  principally  consisted 
le  limonite.  It  was  thus  found  to  be  impossible  to  separate 
om  the  metallic  portion.  An  approximate  separation  of  the 
substances,  however,  was  effected  by  HCl  in  the  cold ;  and 
igh  the  combination  of  them  was  not  uniform,  the  nickel- 
was  determined  in  one  instance  to  be  at  least  10  percent, 
wo  small  fragments  of  the  nearly  unaltered  interior  were 
)lied  for  analysis.  In  these  the  coarsely  grained  crystalli- 
m  was  apparent,  affording  cleavable  crystals  of  the  octa- 
•al  form,  similar  to  what  is  found  in  the  Putnam  Iron, 

of  Cocke  County  and  others.  The  specific  gravity  of 
B  fragments  was  71,  which  is  less  than  the  average  of 
joric  irons,  a  circumstance  to  be  expected  from  slight  ad- 
Dns  of  hydrated  peroxide  of  iron.  To  the  same  reason  also 
icribable  the  considerable  loss  in  the  subjoined  analysis : 

Iron 88-810 

Nickel •    7-278 

Cobalt 0-172 

Phosphorus 0-1 20  =  96-380 

or  want  of  material  no  search  was  made  for  tin,  copper, 
langanesa  No  sulphur  was  present  in  the  portions  exam- 
.  The  weight  of  the  mass  is  nineteen  pounds.  *Its  shape  is 
,  somewhat  flattened,  with  numerous  elongated  depressions. 

irleatoD,  8.  C,  April  16,  1885. 
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Art.   LXI. — The  Potsdam   Oroup  East  of  the  Blue  Ridge  at 
Balcony  Falls,  Virginia  ;*  by  H.  D.  Campbell. 

Balcony  Falls  is  the  Dame  given  to  a  succession  of  rapids 
in  the  gorge  through  the  Blue  Bidge  by  which  the  James  Biver 
finds  its  way  from  the  valley  to  Piedmont,  Virginia.  There 
is  no  other  locality  in  Virginia  where  the  Potsdam  formation 
is  better  exposed  than  at  this  point.  All  of  its  strata  are  cut 
through  by  the  river.  The  accompanying  map  and  section 
are  designed  to  throw  a  clearer  light  upon  the  topography  and 
geological  structure  of  the  region. 

The  Blue  Bidge  has  been  here  sculptured  into  seven  ridges, 
the  middle  one  of  which  is  the  most  clearly  defined  and  alone 
has  a  granite  axis.  This  is  the  Blue  Bidge  proper.  On  the  map 
it  is  called  Bocky  Bow  on  account  of  a  very  bold  escarpment 
of  sandstone  upon  its  southeast  face.  The  three  ridges  lying 
northwest  of  it  are  each  crested  with  sandstone,  and  have  been 
formed  by  the  disintegration  and  washing  away  of  the  inter- 
vening slates.  As  seen  from  the  river  they  appear  as  peaks 
with  depressions  between  them.  The  ridges  lying  southeast  of 
Rocky  Bow  run  rather  obliquely  across  the  beds  of  sand- 
stone, and  the  intervening  ravines  have  been  formed  by  the 
erosive  power  of  streams  several  miles  in  length,  such  as  Matt's 
Creek  and  Snow  Creek. 

Oeology, — The  section  is  meant  to  be  somewhat  general,  and 
hence  the  local  displacements  are  left  out,  which  makes  the 
strata  appear  thicker  than  they  are  in  reality.  It  represents 
an  immense  broken  arch,  or  anticline,  of  Potsdam  sandstones 
and  slates,  followed  to  the  southeast  by  a  trough  or  syncline  of 
the  same. 

For  about  a  mile  after  entering  the  gorge  through  the  moun- 
tains the  James  River  runs  almost  at  right  angles  to  the  strike 
of  the  strata.  Here  and  there  it  has  washed  away  the  softer 
slates  and  caused  local  displacements  of  the  sandstones  on  either 
side,  its  waters  having  for  a  long  time  been  dammed  back  by 
the  lowest  heavy  bed  of  Potsdam  sandstone,  which  is  very  bard 
and  durable.  Where  the  river  crosses  this  ledge  are  the  rapids 
known  as  Big  Balcony  Falls.  Before  the  canal  was  built 
(along  the  bank  of  which  the  Bichmond  and  Alleghany  Bail- 
road  now  runs),  the  ledge  of  sandstone  projected  considerably 
beyond  the  margin  of  the  river,  and  was  known  as  "Balcony 
Rock,"  hence  the  name  of  the  falls.  For  about  a  mile  after 
passing  Balcony  Rock  the  river  runs  obliquely  across  the 
strike.  By  its  erosive  power,  aided  by  a  fissure,  and  probably 
by  ice  also,  it  has  worn  its  channel  deep  into  the  underlying 

*  A  short  paper  upon  this  subject  appeared  in  this  Journal,  Sept.,1884. 
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Kke,  consisting  oE  graoulite,  syenite  and  rocks  of  a 
haracter.      The  river  then  leaves  tbe  moantaiDS 


T'-X'^i 


dstones  and  slates  from  these  ArchseaD  rocks  to  tbe 
mil  of  the  gap  have  been  classed  as  Potsdam  or 
aibrian.      Starting  from  the  Archiean  axis  of  the 
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Blue  Ridffe  and  proceeding  northwestward  up  the  river  we 
cross  the  following  series  of  beds : 

No.  1  is  a  bed  of  conglomerate  composed  of  sand,  roanded 
quartz  pebbles,  fragments  of  feldspar  and  epidoto  and  other 
material  more  or  less  water-worn.  This  bed  is  immediately 
followed  bv  several  beds  of  slates  and  conglomerate  sandstones 
which  have  evidently  been  much  altered  by  heat  from  the  sub- 
jacent igneous  rocks.  The  aggregate  thickness  of  these  beds 
is  above  120  feet. 

No.  2  is  a  heavy  mass  of  sandstone  about  860  feet  thick. 
It  consists  of  two  varieties.  The  lower  bed  is  a  hard  gray 
quartzite  and  is  the  material  of  the  Balcony  Bock.  The  upper 
bed  is  of  a  grayish  and  purplish  color  and  finely  conglomeritic 
in  texture. 

No.  3  consists  of  dark  colored  slates  with  interstratified  beds 
of  specular  iron  ore  of  low  grade,  having  pebbles  of  quartz 
disseminated  through  them.  The  thickness  of  these  slates  is 
about  500  feet 

No.  4  is  a  hard  bluish  sandstone  150  feet  thick,  which  has 
been  locally  displaced  near  the  river,  forming  several  waves 
that  are  conspicuous  from  the  railroad.  This  feature  is  not 
represented  on  the  section. 

No.  5  is  a  heavy  bed  of  bluish  and  greenish  slates  about 
700  feet  in  thickness.  They  have  been  considerably  warped 
and  contorted. 

No.  6  consists  mostly  of  a  brownish  gray  sandstone  with 
very  regularly  jointed  structure — 90  feet  thick. 

No.  7  is  made  up  of  numerous  thin  beds  of  slate  which  pro- 
duce a  variety  of  shades  of  color  from  nearly  white  and  yellow 
to  dark  brown.  The  coloring  is  produced  by  iron  ore  which 
encrusts  many  of  the  thin  beds.  The  thickness  of  these  slates 
is  120  feet. 

No.  8  is  the  sandstone  that  constitutes  the  type  of  this  for- 
mation. It  consists  here  of  two  hard  beds  of  grav  sandstone 
with  a  more  brittle  bed  intervening.  The  two  hard  beds  carry 
numerous  markings  at  right  angles  to  the  stratification,  sup- 
posed to  be  borings  of  a  worm  called  Scolithus  linearis.  These 
three  beds,  together  with  some  more  brittle  sandstones  under- 
lying them,  measure  350  feet.  We  have  now  arrived  at  the 
entrance  of  the  gap.  If  we  go  away  from  the  banks  of  the 
rivers  some  distance  we  shall  find  about  600  feet  more  of  sand- 
stone and  friable  slate  before  we  get  to  the  limit  of  the  Pots- 
dam formation. 

Passing  now  to  the  eastern  slope  of  the  Blue  Ridge  we  find 
similar  beds  of  sandstone  and  slate  which  have  been  hitherto 
classed  as  Archjean  by  Professors  Wm.  B.  Rogers,  J.  L.  Camp- 
bell and  others,  and  have  been  spoken  of  as  lying  unconform- 
ably  beneath  the  Potsdam  sandstones  and  slates  of  the  western 
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slope.  In  Macfarlane's  Railway  Guide  (1879,  p.  182)  we  find 
ihe  following  note  by  Professor  Rogers :  '*  About  twenty  miles 
northwest  of  this  point  (Lynchburg)  by  canal  or  road,  we  enter 
the  gorge  by  which  the  James  River  traverses  the  Blue  Ridge, 
where  are  exposed  fine  sections  of  Archaean  rocks,  A  and  B, 
and  of  the  Cambrian,  Primal  2a,  resting  unconformablv  on 
the  western  slope  of  the  former,  and  occupying  the  flanking 
ridges  which  adjoin  the  valley." 

It  is  with  diflBdeuce  that  I  offer  ray  views  as  opposed  to 
these,  making  (as  seen  in  the  section)  an  anticline  here  instead 
of  unconformability  ;  and  yet  I  feel  confident  that  the  highly 
metamorphosed  condition  of  all  the  rocks  east  of  the  Archasan 
axis,  ana  the  hurried  review  of  this  locality,  led  these  geolo- 
gists to  place  these  sandstones  and  slates  as  Archaean,  and  that 
if  the  facts  which  I  shall  present  had  been  known  our  views 
would  coincide. 

The  evidences  in  support  of  the  section  I  have  drawn  are  as 
follows.  Rocky  Row  on  the  north  side  of  the  river  is  capped 
with  a  hard  sandstone  of  a  grayish  color  dipping  gentlv  toward 
the  northwest.  Qrassy  Island  Ridge,  on  the  south  side  of  the 
river,  is  capped  with  a  sandstone  of  similar  appearance,  though 
not  so  thick,  dipping  about  40^  S.E.  Each  of  these  beds  of 
landstone  is  underlaid  by  a  brownish  decomposing  slate,  and  a 
bed  of  coarse  conglomerate  which  lies  upon  the  Archaaan 
rocks.  To  the  N.E.  of  the  river  about  four  miles  and  again 
to  the  S.W.  about  one  mile  these  strata  seem  to  connect  and 
make  a  complete  anticline.  But  this  might  seem  to  be  the 
case  where  there  is  unconformability  and  hence  we  need  stronger 
prool 

In  all  of  the  heavy  beds  of  sandstone  in  the  Potsdam  group 

of   the  Blue  Ridge  above  the,  lowest,   Scolithua  borings  are 

found,  varying  in  abundance  in  different  localities,  and  being 

always  more  numerous  in  the  higher  beds.     These  markings 

have  determined  the  age  of  the  rocks  along  the  western  slope, 

together  with  their  stratigraphical  position.     They  occur  here 

only  in  the  upper  beds.  No.  8  ;  but  at  White's  Gap  some  miles 

N^i   they  occur  in   abundance  in  the    next   lower  bed  of 

sandstona     Going  now  east  of  the  axis  of  the  Blue  Ridge  and 

examining   the  sandstones  along   the   ridge    between   Matt's 

Creek  and  Snow  Creek  we  find  unmistakable  Scolithus  borings. 

These  sandstones  are  conformable  with  that  on  Grassy  Island 

Ridge.     Proceeding  up  Mattes  Creek  we  cross  two  of  these 

beds,  each  carrying   Scolithus   borings.      Between   them   lie 

heavy  beds  of  slate,  and  in  the  first  of  these  is  found  a  bed  of 

hematite  ore  similar  to  that  mentioned  above  as  occurring  on 

the   western   side  of   the  Blue  Ridge  and  locally  known  as 

"block  ore"  on  account  of  breaking  readily  into  cubical  and 
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rectangular  masses.  This  variety  of  ore  in  Virginia  seems  to 
be  characteristic  of  the  Potsdam  formation.  Cresting  tbe 
ridge  on  the  left,  in  ascending  Matt's  Creek  near  its  source  is 
found  a  white  Sandstone  of  firm  texture  containing  Scolithas 
borings.  It  has  a  dip  of  45^  S.E.  which  carries  it  across  the 
head  of  Snow  Creek  to  the  crest  of  Piny  Bidge  which  is  not  so 
elevated. 

If  we  cross  James  River  and  follow  the  eastern  face  of  the 
Blue  Ridge  toward  the  N.K.  for  several  miles  we  find  sand- 
stones carrying  Scolithus  markings  and  beds  of  slate  alternat- 
ing with  them,  all  dipping  S.E.  They  correspond  very  closely 
in  character  and  position  with  those  described  to  the  south  of 
the  river.  Three  miles  N.E.  of  Rope  Ferry  a  bed  of  these 
slates  is  quarried  by  the  Virginia  Slate  Mining  Co.  for  roofing 
purposes.  They  are  somewhat  diflferent  lithologically  from 
the  corresponding  slates  along  the  western  slope  of  tne  Bine 
Ridge,  being  much  more  highly  metamorphosed  and  hence 
having  a  more  perfect  cleavage. 

The  foregoing  observations  led  to  the  conclusion  that  the 
stratified  rocks  upon  the  western  and  eastern  slopes  of  the 
Blue  Ridge  belong  to  the  same  geological  formation,  and  that 
the  latter  ought  to  be  classed  as  Potsdam  or  Lower  Cambrian 
instead  of  Archasan.  This  would  make  of  the  Blue  Ridge  an 
immense  broken  arch  at  Balcony  Falla 

This  broken  arch  or  anticline  is  immediately  succeeded  by 
an  unbroken  syncline  about  two  miles  in  width,  near  the  axis 
of  which  is  Rope  Ferry  Bridge.  How  far  on  either  side  of  the 
river  this  syncline  may  extend  we  have  not  yet  fully  deter- 
mined. The  upper  beds  of  sandstones  and  slates  do  not  make 
their  appearance  for  some  distance  on  either  aide  of  the  river, 
having  probably  been  somewhat  broken  in  their  upheaval,  and 
washed  away  before  the  river  became  confined  to  its  present 
narrow  channel. 

It  seems  more  than  probable  that  ice  was  one  of  the  great 
agents  in  determining  the  features  of  this  region. 

To  the  east  of  the  syncline  mentioned  above  we  find  Archsan 
rocks  again  represented  by  granite  and  gneiss.  This  corre- 
sponds to  the  axis  of  Cold  Mt,  which  is  a  ridge  lying  several 
miles  S.E.  of  the  axis  of  the  Blue  Ridge  and  parallel  with  it 
A  few  miles  N.E.  of  this  locality  Cold  Mt.  is  very  high  and 
conspicuous. 

From  what  has  been  written  above,  the  general  conclusion 
may  be  drawn  that  the  belt  of  sandstones  and  slates  lying 
east  of  the  Blue  Ridge  at  Balcony  Falls  belongs  to  the  Lower 
Cambrian  or  Potsdam  group  of  rocks,  and  that  the  Primordial 
beach  of  tbe  Palasozoic  Sea  was  farther  east  at  this  locality 
than  was  formerly  supposed. 

Washington  andLeeXJi\Wftn\X7,liw:\xi^lJ«i^N^, 
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p.  LXII. — Geology  of  the  Sea-bottom  in  the  approaches  to  New 
WkBay;  bj  A.  Lindenkohl,  U.  S.  Coast  and  Geodetic 
urvey.     With  a  plate  (Plate  IV,  unnumbered). 

d  at  the  meeting  of  the  National  Academy  of  ScienceSi  April  22,  1885,  hj 

J.    E.  HiLGABD.J 

Hiring  the  survey  of  the  sea-approaches  to  New  York  in 
years  1842  and  1844,  specimens  of  sea-bottom  were  col- 
ed  while  soundings  were  in  brogress.  The  samples  were 
mined  under  the  direction  of  Professor  Bache  by  Assistant 
^,  Pourtales  of  the  Coast  Survey  Office  and  by  Professor  J. 
Bailey  of  West  Point,  N.  Y.,  and  the  results  of  analyses 
B  published  as  Appendix  No.  XI  with  the  Coast  Survey 
ort  for  the  year  186y.  The  investigations  by  these  nata- 
its  attracted  attention  and  ended  in  opening  the  way  to  a 
I  of  scientific  inquiry  which,  at  this  time,  is  cultivated  by 
I  eminent  in  such  researches  in  all  the  leading  nations, 
ther  of  the  naturalists  here  named  is  now  living, 
i/'ithin  the  last  five  years,  minute  hydrographic  surveys 
e  been  made  of  the  same  locality.  Some  collateral  informa- 
also  has  been  furnished  by  the  Geological  Survey  of  jNew 
«y  under  the  direction  of  Professor  George  H.  Cook.  We 
thus  enabled  to  invest  deductions  with  increased  precision, 
to  extend  inquiry  beyond  the  limits  to  which  Assistant 
Ttales  restricted  himself. 

he  sea-bottom  off  the  entrance  to  New  York  lower  bay  is 
-acterized  by  features  peculiar  to  that  region.     These  in- 
le: 
,  A  well  defined  submarine  valley. 

An  area  of  clay  bottom  extending  about  one  hundred 
»  seaward. 

.  A  deep  ravine  at  the  edge  of  the  continental  slope. 
'he  features  here  specified  will  be  separately  descrioed. 
ubmarine  Valley, — The  early  survey  of  the  sea-approaches 
ifew  York  developed  the  existence  of  a  series  of  "  deep 
1  holes''  lying  in  a  straight  line  off  the  entrance.  These 
ras  supposed  might  serve  as  guides  to  mariners,  but  no 
;ial  significance  was  attached  to  the  ^^  mud  holes "  until 
fessor  Dana,  from  a  study  of  the  Coast  Survey  soundings, 
wed  that  they  lay  in  the  course  of  a  valley  like  depression 
ch  had  the  right  position  to  have  been,  in  a  period  of  higher 
il,  the  continuation  of  the  Hudson  River  channel.  When 
e  views  were  communicated  to  the  Coast  Survey  Office 
e  mud  holes  were  at  once  recognized  as  indications  of  such 
tiannel,  and  it  was  surmised  that  they  actually  form  a  con- 
.OQS  channel  instead  of  being  separated.     The  last  survey 
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lu*  'ivTtjopt^  the  existence  of  this  cb&DDel;  and  thus  the 
qn^tSon  is  opened — wbetber  this  channel  was  produced  by  ■ 
vnaik  ift  ibe  ttnta  *&  was  the  opper  cbannel  of  the  Hudson,  or 
trr  t£>e  comnt  of  a  river  seeking  an  outlet  to  the  ocean.  The 
ifj.'-owiT:2  facts  bear  upon  the  question. 

Tr.e  em  indirtitionB  of  the  channel  are  found  ten  nautical 
m:^  east  'r,y  south  off  Sandy  Hook  at  a  depth  of  19  fathoms, 
Afl«T  following  a  southerly  coarse  for  about  ten  miles,  the  cbao- 
Del  takes  an  easterly  turn  in  the  next  five  miles ;  from  the  dis- 
tance of  fifteen  miles  (twenty  miles  in  a  direct  line  from  the 
Hu>k)  it  maintains  a  straight  course  (60°  S.  K)  to  its  bar, 
which  is  eighty  miles  from  the  Hook. 

From  tbe  bnd  of  the  channel  to  the  bend,  the  top  of  the  banks 
remains  at  about  an  even  level  of  18  fatbomR  depth,  while  the 
channel  iocreaKS  in  depth  from  19  fathoms  to  36  fathoms.  The 
•vcn^  slope  of  tbe  banks  is  one  degree,  and  the  width  of  the 
encioaed  channel  from  three  ()uart«re  of  a  mile  to  a  full  mile; 
ID  tbe  bend  this  slope  is  increased  to  three  degrees,  and  the  width 
contracted  to  one  eighth  of  one  mile. 

Tbe  banks  maintain  the  same  height  on  both  sides,  and  ore,  u 
alio  is  the  bottom,  composed  of  a  sandy  clay  overlaid  by  & 
enwt  oi  sand  and  Rravel  which  spreads  continuously  over  tbe 
adjacent  Bats.  This  clay  is  very  uniformly  described  by  the 
8DrTe|y<w«  as  "  blue  clay"  in  the  upper  channel  and  "green  mad" 
in  the  lower  chaonet.  Tbe  bar  (at  seventy-five  nautical  miles 
from  the  Hook)  is  composed  of  fine  sand.  At  the  distaoce  of 
eighty-five  miles  the  channel  reappears  as  o.  deep  ravine  and  it 
will  be  described  separately.  The  cross  sections  of  the  chan- 
nel, at  intervals  of  ten  miles  starting  from  Sandy  Hook,  taken 
from  the  recent  survey,  are  here  given  : 


nS)  (*l)  (33)  2 

so  *3  13  0 

From  this  exhibit  we  may  infer  that  the  channel  baBbeen 
produced  by  erosion  and  its  present  shape  is  due  to  tbe  aewa 
of  flowing  water.  Tlie  mud  brought  up  by  the  lead  haamt 
been  deposited  upon  tlie  sea  bottom  by  preeJpitaUon,  but  i«  the 
actual  soil  which  is  a  stratum  of  clay  which  must  have  a  tWk* 
ness  of  over  ninety  feet.  

Tbifl  sandy  clay  is  believedt^M^^^  ^m^wj. 
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"  sandy  clay  strata  "  of  the  New  Jersey  geological  survey  which 
UDderHes  nearly  the  whole  of  the  peninsula  of  lower  New 
Jersey. 

The  disappearance  of  the  submerged  valley  at  a  less  depth 
than  19  fathoms  must  be  attributed  to  the  obstructive  action  of 
Sandy  Hook  bar.  By  taking  this  depth  as  the  greatest  ever 
reached  by  the  channel  over  the  bar  near  Sandy  Hook,  we  can 
form  an  estimate  of  the  geological  age  of  this  bar. 

Professor  Cook,  in  a  statement  made  before  the  Riparian  Com- 
mission of  New  Jersey,  November  17,  1883,  estimates  the  pres- 
ent rate  of  subsidence  of  the  coast  of  New  Jersey  at  about  two 
feet  in  a  hundred  years.  At  this  rate,  the  decrease  of  depth 
from  19  fathoms  to  4  fathoms  which  is  about  tbe  present  mean 
depth  of  the  New  York  bar,  would  cover  a  period  of  four  thou- 
sand five  hundred  year& 

The  transfer,  per  saltum,  of  a  bar  at  the  depth  of  41  fathoms 
and  at  a  distance  of  75  miles  from  the  Hook  to  one  of  19  fathoms 
depth  and  in  the  immediate  vicinity,  however,  cannot  well  be 
explained  upon  the  theory  of  such  a  gradual  and  moderate  sub- 
aidenoe  as  is  believed  to  be  going  on  at  the  present  time. 

The  State  Geologist,  Professor  Cook,  assuming  a  mean  dip 
of  twenty-five  feet  to  the  mile  for  the  marl  beds,  has  indioated 
lines  of  strike  upon  his  geological  map,  showing  the  depth 
below  sea  level  of  the  red  sand  bed  (a  subordinate  stratum  of 
the  Cretaceous  marl  formation)  and  the  lines  A  and  B  on  the 
map  (see  Plate)  are  such  lines  for  the  depths  respectively  of  250 
feet  and  1040  feet  These  lines  produced  to  the  submerged 
channel  strike  the  top  of  the  clay  bank  at  points  the  respective 
depths  of  which  are  108  and  162  feet  below  the  ocean  level. 
This  great  diflference  in  dip  (790  feet  against  54  feet)  may  be 
accounted  for  by  supposing  that  the  top  of  the  clay  bank  does 
not  coincide  with  the  line  of  stratification  (its  slope  being  about 
two  feet  to  the  mile),  or  there  may  be  a  flattening  out  of  dip 
toward  the  sea.  And,  again,  the  sandy  clay  bed  may  not  rest 
conformably  on  the  formations  which  crop  out  on  the  dry  land. 

In  the  geological  surveys  of  Pennsylvania  and  New  Jersey, 
the  terminal  moraine  was  accurately  traced  through  these  two 
States,  and  the  sketch  shows  its  course  from  the  valley  of  the 
Alleghany  in  western  New  York,  eastward  and  southward  to 
New  York  Bay.  The  line  as  there  shown  was  taken  from  a 
map  b^  Professor  Lewis  in  this  Journal,  1884 ;  and  from  the 
geological  map  of  New  Jersey,  1882.    It  will  be  seen  at  a 

{lanoe  that  this  line  and  the  submerged  valley  of  the  Hudson 
>rm  a  oontinaous  line,  and  this  coincidence  suggests  that  this 
Tallev  atands  as  a  mark  of  the  limit  of  the  glacial  drift  and 
as  one  of  the  ^^  great  waste- weirs  of  the  melting  glacier,''  to 
an  ez|nreB8ioD  which  Professor  Lewis  applies  to  the  Lehigh 
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river.  The  range  of  bills  which  traverses  Long  Island  from 
the  New  York  Narrows  to  Montaak  Point  has  been  recognized 
as  a  well  developed  glacial  moraine,  and  Professor  Cook  has 
established  its  lateral  connection  with  the  New  Jersey  moraine 
by  way  of  the  southern  part  of  Staten  Island.  Now  if  the 
contemporaneous  existence  of  these  two  moraines  could  be 
proved,  it  would  follow  that  the  south  end  of  Staten  Island 
was  the  most  advanced  point  of  the  glacier;  Professor  Cham- 
berlin  has  venr  recently  (in  a  contribution  to  the  Annnal 
Report  of  the  tJ.  S.  Geol.  Survey,  1882-83)  made  the  relative 
ages  of  these  two  glaciers  the  subject  of  a  careful  study.  For 
our  present  purpose  it  will  suffice  to  state  that  the  Long  Island 
moraine,  by  reason  of  its  great  boldness,  which  implies  a 
period  of  powerful  glacial  action,  bears  a  greater  resemblance 
to  the  more  northerly  moraines  of  the  interior  than  to  the 
terminal  moraine  which  stands  as  the  extreme  advance  of  a 
gradually  receding  glacial  drift.  This  circumstance  alone 
warrants  the  assumption  that  the  terminal  moraine  must  be 
looked  for  to  the  southward  of  Long  Island. 

Clay  Bottom. — Assistant  Pourtales  drew  attention  to  a  large 
area  of  muddy  bottom  off  the  eastern  end  of  Long  Island,  and 
remarked  also  upon  the  scarcity  of  remains  of  animal  life  in 
the  specimens  of  bottom  from  this  region.     That  muddy  bot- 
tom zone  is  interposed  between  the  wide  sand  belt  which  skirts 
the  coast  and  the  deep  sea  ooze  which  is  of  calcareous  nature 
and  which  covers  all  the  deeper  bottoms  of  the  ocean.    By 
careful  study  of  the  soundings,  including  those  recorded  by  the 
U.  S.  Fish  Commission,  we  are  enabled  to  trace  the  outline  of 
this  formation.     It  is  triangular;    the  base  D  E  (see  plate) 
coincides  nearly  with  the  line  of    1000  fathoms  and  reaches 
from   the  latitude  of  Cape  Charles  to  the  longitude  of  Cape 
Sable.     The  apex  (F)  lies  about  ten  miles  southeast  of  Block 
Island,  but  a  narrow  strip  of  muddy  bottom  can  be  traced  still 
farther  north,  nearly  to  the  western  end  of  Martha's  Vineyard. 
Assistant  Pourtales  says  (C.  S.  Report  for  1869,  Appendix 
XI),  "The  mud  or  ooze  had  its  origin  probably  in  the  Tertiary 
formation,  of  which  we  see  only  the  remnants  in  the  cliffs  of 
Gay  Head,  and  in  a  few  localities  of  small  extent  on  the  coast 
of  Massachusetts,  as  at  Marshfield  or  elsewhere."  ..."  A  sim- 
ilar sea  bottom  is  found  in   the  so-called  mud  holes  off  the 
entrance  to  New  York.     They  are  depressions  below  the  gen- 
eral  depth   of   the    surrounding    bottom,    filled    with   mud." 
These  expressions  do  not  render  it  clear  to  me  whether  he  con- 
sidered  this  mud  to  be  sediment  or  true  soil ;  but  judging  by 
the  uniformity  and  the  magnitude  of  its  range,  since  the  greater 
part  if  not  the  whole  of  the  mud  in  question  is  either  clay  or 
corroded  clay,  we  recognize  in  it  the  traces  of  a  great  geo- 
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logical  formation  having  a  vertical  range  of  nearly  six  thou- 
sand feet.  The  sea-bottom  within  this  area  may  contain  the 
OQtcroppings  of  strata  of  various  composition  and  of  different 
ages,  but  these  strata  must  be  assumed  to  be  always  more  or 
less  argillaceoua  The  shoaler  soundings  generally  show  a 
strong  admixture  of  sand  while  the  deeper  ones  appear  as  purer 
clays.  At  about  the  depth  of  1000  fathoms  the  clay  gives 
way  to  the  globig^rina  ooze ;  but  in  some  instances  clay  has 
been  found  oy  the  Fish  Commission  at  depths  over  1500 
fathoms.  In  view  of  the  fact  that  in  coast  regions  the  distri- 
bution of  **sand''  and  "mud  "  bottoms  is  very  often  the  result 
of  ocean  currents,  it  appears  proper  to  define  the  extent  to 
which  such  currents  may  have  affected  the  limits  of  our  ''clay 
region.'* 

rfe  may  freely  admit  that,  in  mo'lerate  depths,  currents  may 
disturb  and  shift  the  material  of  the  bottom  and  may  also 
change  its  mineral  composition  by  the  introduction  of  sediment 
washed  out  to  sea,  but  such  changes  cannot  take  place  at  great 
depths  nor  at  great  distances  from  the  coast  and  could  bave 
affected  but  a  very  limited  part  of  the  clay  bottoms.  The 
only  agency  which  could  change  the  geological  structure  of 
the  sea  bottom  at  the  depth  of  the  main  part  of  the  clay  region, 
we  take  to  be  precipitation  of  very  fine  material  held  in  sus- 
pension by  the  sea  water ;  but  the  effect  of  such  precipitation 
would  be  to  obliterate  existing  geological  distinctions  rather 
than  to  render  them  more  apparent 

A  line  drawn  from  Trenton  to  Jersey  City  separates  the 
clay  region  from  the  red  sandstone  region.  This  line  is 
about  one  hundred  and  fifty  miles  from  the  curve  of  one  thou- 
sand &thom&  Hence,  if  we  assume  these  two  lines  to  be  on 
one  plane  of  stratification,  the  dip  of  the  strata  would  be  forty 
feet  to  the  mile.  It  appears  quite  plausible  to  assume  that  the 
dip  of  pliable  strata  which  is  found  to  be  decreasing  in  the 
coast  region  should  show  an  accelerated  increase  when  it  ap- 
proaches the  continental  slope. 

It  has  been  suggested  by  Professor  Dana  and  is  so  stated  in 
Dana's  **■  Manual  of  Geology,"  2d  edition,  p.  537,  that  the  lower 
limit  of  the  New  England  part  of  the  terminal  moraine  proba- 
bly coincided  with  the  outline  of  the  deep  water  slope,  about 
80  miles  south  of  Long  Island  and  outside  of  St.  George's  Shoal. 
Now,  the  clay  bottom  region  being  bare  of  drift,  we  can  safely 
assume  that  the  lines  FD  and  FE  indicate  the  extreme  limit 
of  glacial  drift  on  this  part  of  the  continent.  The  thickness 
of  the  cover  of  diluvial  drift  in  the  vicinity  of  the  submerged 
valley  appears  to  be  at  the  utmost  about  sixty  feet. 

The  Hudson  River  Fiord. — The  deep  ravine  mentioned  above 
as  one  of  the  remarkable  features  of  the  sea-approaches  to 
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New  York  lies  in  a  nearly  straight  continuation  of  the  sabma- 
rine  channel  and  reaches  from  the  outer  end  of  the  bar  already 
mentioned,  or  about  eighty-five  miles  to  seaward  from  Sandy 
Hook,  to  the  edge  of  the  continental  slope  at  a  distance  of  about 
one  hundred  and  five  miles  from  the  Hook.  This  ravine  is 
about  twenty-five  nautical  miles  long  and  three  miles  wide. 
It  commences  with  a  depth  of  about  sixty  fathoms  below  the 
ocean's  surface  which  increases  to  two  hundred  fathoms  within 
the  first  mile;  the  greatest  depth,  four  hundred  and  seventy- 
four  fathoms,  is  close  to  its  outlet.  This  outlet  to  the  ocean 
is  in  the  shape  of  a  bar  with  a  depth  of  about  two  hundred 
fathoms.  For  half  its  length,  from  its  middle  to  the  bar,  this 
ravine  maintains  a  vertical  depth  of  more  than  two  thousand 
feet,  measuring  from  the  top  of  its  banks ;  these  banks  have  a 
nearly  uniform  slope  of  about  14*.  It  remains  to  be  stated 
that  the  bottom  ana  the  sides  of  the  ravine  are  composed  of  a 
green  sandy  mud,  and  that  the  adjacent  fiats,  unlike  those  of 
the  submerged  channel,  show  the  same  material. 

The  absence  of  signs  of  violent  action  in  the  region  of  this 
depression  precludes  the  supposition  that  it  is  a  fissure ;  on  the 
contrary  its  position  at  the  lower  liniit  of  the  glacier,  its  shape, 
and  its  direction,  render  probable  the  supposition  that  it  be- 
longs to  the  class  of  fiords  so  common  to  higher  latitudes.  II 
we  so  conclude,  the  question  cannot  be  avoided — why  is  the 
continuity  of  the  submerged  channel  interrupted  by  a  bar. 
The  borings  at  Cape  May,  at  Atlantic  City  and  elsewhere  along 
the  New  Jersey  sea  border  carried  down  to  depths  of  two  hun- 
dred feet  or  more,  do  not  show  any  harder  strata  than  clay. 
Hence  there  is  no  reason  to  assume  that  this  bar  was  induced 
by  a  rocky  obstruction.  It  appears  more  plausible  to  suppose 
that  the  fiord  belongs  to  an  earlier  time  when  the  river  made 
its  channel  to  the  sea  through  ice  obstructions,  and  that  the 
submerged  channel  farther  up  is  of  a  later  period,  when  the 
passage  to  the  ocean  was  free  and  the  regime  of  the  river  waa 
well  established. 


Art.   LXIII.  —  Additional    Notes   on   the  KettU-Holes   of  tlie 
Wood's  Holl  Region^  Massachusetts ;  by  B.  F.  KoONS. 

During  the  summer  of  1884,  in  connection  with  my  work 
for  the  United  States  Fish  Commission  at  Wood^s  Holl,  I 
extended  my  observations,  as  far  as  opportunity  offered,  on  the 
kettle-holes  in  the  Vineyard  Sound  region,  partly  to  revisit 
localities  studied  the  year  before  (and  complete  work  then  left 
unfinished),  and  in  part  to  give  wider  range  to  recorded  facts* 
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Soon  after  my  former  article  appeared  in  the  Journal  of 
Science,  April,  1884,  numerous  inquiries  were  made  by  various 
geologists  of  the  United  States,  showing  a  much  wider  interest 
in  the  subject  than  had  been  anticipated,  and  some  of  these 
questions  bore  upon  points  not  particularly  studied,  while 
others  asked  for  further  explanation  of  facts  there  recorded. 
A  part  of  these  questions  have  been  answered  by  letter,  and  in 
the  following  notes  I  shall  aim  to  reply  to  the  remainder  either 
directly  or  indirectlv.  The  previous  article  gave  my  observa- 
tions made  upon  the  east  end  of  Naushon,  the  point  of  the 
main  land,  and  the  intervening  islands,  about  twelve  miles  in 
extent,  and  sixty -four  kettle-holes  were  located  and  described ; 
and  in  the  later  observations  a  territory  extending  from  Robin- 
son's Holl  on  the  west  to  a  point  several  miles  north  of 
Falmouth  village,  bver  twenty  miles  in  all,  was  visited,  and  I 
here  give  the  measurements  for  forty-two  additional. 

On  the  Island  of  Naushon. 

HeUht 
Direetloii  Length  Length  or 

of  of  or  hlgheet 

No.  longazli.        longazlB.       short  azli.         border. 

.  65  N.  50*  B.  20  roda.  7  rods.  25  ft  8  a.  &W. 

66  N.  55''-60*  E.  25  15  30  15  S. 

67  N.  60"*-55**  B.  20  16  30  10  S.W.  by  W. 

68  N.  56*B.  20  12  25  12  N.W.  byW. 

69  N.  40'*W.  20  8  73  31  S.E. 

.  70  N.  25*  E.  10  8  30  22  S.W. 

71  N.  50°E.  8  5  35  8  N.E.  by  N. 

72  N.  80**  E.  25  10  45  30  S.W. 

73  N.  15-E.  18  7  30  12  N.E. 

74  N.  50'  E.  18  7  70  30  N.E. 

75  N.  70'  E.  7  5  65  20  S.E.  by  S. 

76  N.  50*  E.  25  8  48  20  E.  by  S. 

77  N.  60**  E.  12  10  40  12  N. 

78  N.  60*  E.  25  18  60  20  W.S.W. 

79  N. 20  20  30  20  S. 

80  N.  80°  E.  18  7  48  18  S.  by  W 

81  N.  80*  E.  18  8  49  20  S. 

82  N.  80*  E.  45  10  65  25  N.  by  W. 

83  N.  gO^K.  7  4  18  10  N.N.E. 

84  N.  70"  E.  45  16  60  25  N.E.  by  N. 

On  the  mainland  east  of  Wood?s  Holl, 

85  N.  35*  E.  16  6  35  13  S.W.  by  S. 

86  N.  20*  E.  45  8  60  12  N.E.  by  N. 

87  N. 25  9  45  25  N.  by  W. 

88  N.  5*W.  10  6  38  16  S.  by  E. 

89  N.  50*  E.  34  10  40  20  S.  by  W. 

90  N  45*  E.  20  12  25  10  E.  by  N. 

91  N.  20*  E.  30  20  80  35  S.8.W. 

92  N.  90*  E.  40  10  90  30  S.E.  by  E. 

93  N.  80**  E.  8  4  75  8  S.E.  by  S. 

94  N.  40*E.  32  7  70  35  S.  by  E. 

95  N.  60*  E.  50  30  40  10  W. 

96  N.  40*  B.  18  10  90  25  N.W. 
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However,  these  represent  certainly  less  than  one-tenth,  pes* 
sibly  less  than  one-fifteenth  of  all  that  are  to  be  found  within 
the  region  examined.  Upon  farther  examination  I  find  that 
while  there  are  large  numbers  upon  the  south  slope  of  the 
moraine,  and  some  too  of  very  large  dimensions,  yet  by  far 
the  greatest  number  and  the  largest  are  iJ^n  the  side  from 
which  the  glacier  came,  and  this  is  what  we  should  expect  if 
the  kettle-holes  mark  the  localities  where  fragments  of  ice  were 
broken  off  from  the  face  of  the  glacier  and  buried,  wholly  or 
in  part,  by  the  earth  and  stones  borne  down  by  the  ice-sheet. 
Also  the  direction  of  the  longer  axis  is  just  what  we  sfsould 
most  naturally  expect  in  kettle-holes  made  by  such  ice-masses. 
Certainly  they  are  not  uniformly  parallel  to  the  face  of  the  gla- 
cier, nor  would  we  expect  them  to  be  so ;  yet  an  examination 
of  the  map  and  tables  accompanying  this  and  the  former  arti* 
cle  will  show  that  their  general  direction  approximates  to  this. 

One  inquirer  asks,  "Are  the  basins  on  the  crest  of  the  mo- 
raine more  frequently  transverse  to,  and   those  on   the  inner 
slope  more  apt  to  be  parallel  with,  the  moraine  or  following  tha 
configuration  of  the  country  toward  outlets  or  gaps  through, 
the  moraine?" 

Upon  a  careful  examination  of  the  facts,  both  in  the  field 
and  those  of  formerly  recorded  measurements,  I  fail  to  discover 
any  such  law.  The  question  was  asked  in  the  light  of  the  pos- 
sibility of  the  kettle-holes  being  made  by  streams  of  water 
{)0uring  from  the  face  of  the  glacier  and  eroding  along  the 
ines  of  freest  discharge,  somewhat  after  the  manner  of  streams 
of  the  present,  gouging  out  deep  holes  along  their  beds  which 
are  connected  by  very  shallow  rills  at  low  water :  or,  as  often 
occurs  in  western  streams  in  dry  seasons,  leaving  deep  holes  as 
small  ponds  or  pools  with  no  water  flowing  from  one  to  the 
other.  No  such  arrangement  can  be  made  out  among  the 
kettle-holes  of  this  region  for  they  are  distributed  sinj^ly  and 
in  groups  without  any  connection  or  arrangement  indicating 
that  they  were  made  by  torrents  of  flowing  watera  At  one 
point  on  the  south  side  of  Naushon,  in  an  open  space  near 
Tarpaulin  Cove,  there  are  twelve  or  fifteen  of  medium  size,  very 
closely  packed  together,  and  so  completely  without  arrangement 
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that  they  seem  to  have  no  re- 
lation whatever  one  to  another ; 
and  many  other  localities  are 
quite  as  remarkable  for  the 
great  number  and  size  of  their 
kettle-holes.  Often  when  two 
of  these  depressions  are  near 
each  other  tne  highest  border 
of  each  is  between  them  and 
their  outlets  in  opposite  direc- 
tions And  again  it  is  often 
found  that  the  slope  of  the 
outlet  is  even  as  high  as  30^, 
which  would  preclude  the  idea 
of  flowing  waters  making  them; 
for  it  would  be  very  difficult 
to  secure  such  a  flow  of  waters 
as  would  scoop  out  a  cavity 
on  so  gigantic  a  scale  as  some 
of  these  kettle-holes  and  carry 
the  material  up  an  inclined 
plane  several  rods  in  length 
at  an  angle  of  over  30**,  possi- 
bly 40**,  for  some  of  them 
were  of  the  steeper  angle  when 
made.  And  further,  if  they 
had  been  scooped  out  by 
water,  and  the  mud  and  6ne 
material  carried  away  they 
would  have  been  left  at  least 

Eartly  .  filled  with  bowlders, 
ut  the  bottoms  and  largely 
the  sides  are  quite  free  from 
them.  Those  found  at  the 
bottom  of  the  depressions 
have  probably  been  exposed  by 
erosion  and  then  rolled  down 
from  some  of  the  surrounding 
slopes,  for  the  washing  of  ma- 
terial from  the  sides  into  the 
pits  during  the  ages  since  the 
Glacial  period  would  be  suffi- 
cient to  expose  the  bowlders 
as  we  find  them  now. 

Nor  does  an  examination  of 
the  general  arrangement  of  the 
outlets  to  the  kettle-holes  (by 
the  outlet  I  mean  the  lowest 
point    in    the    rim),   indicate 
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that  flowing  water  made  them,  for  often  if  they  were  made  in 
this  way  the  water  must  have  found  its  way  directly  back  into 
the  face  of  the  glacier  if  the  lowest  point  is  any  indication  as 
to  the  direction  of  the  flow. 

We  find  kettle-holes  also  below  sea-level.  There  is  one  in 
Great  Harbor,  at  Wood*s  Holl,  nineteen  fathoms  deep  with  shal- 
low water  all  around ;  and  it  is  said  that  it  has  been  gradually 
filling  within  the  memory  of  men.  One  in  Vineyard  Sound  u 
forty  fathoms  deep  with  the  water  only  ten  on  its  bordersi 
Professor  Verri II  also  informs  me  of  anothei  off  Cape  Ann  ninetj 
fathoms  deep  while  the  water  about  is  from  thirty  to  forty. 

Upon  conversing  with  the  various  naturalists  of  our  United 
States  Fish  Commission  corps  who  are  familiar  with  the  geo- 
logical features  about  Vinejrard  Sound,  and  more  especially 
Professors  Baird  and  Verrill,  they  express  themselves  very 
decidedly  of  the  opinion  that  flowing  water  could  not  be  the 
agency  that  made  them.  ^'The  structure,  arrangement,  aod 
all  their  features  utterly  preclude  the  idea."  Also  Professor 
Linton,  who  has  accompanied  me  each  year  in  a  part  of  my 
studies,  is  of  the  same  opinion. 

There  is  one  place  between  Wood's  Holl  and  Falmouth, 
however,  where  it  is  very  evident  that  a  stream  did  flow  to  the 
south  from  among  the  hills,  and  the  bed  and  sides  of  this  are 
very  different  from  the  ordinary  slopes  and  bottom  of  the 
kettle-holes.  The  former  are  almost  paved  with  bowlders  just  as 
we  should  expect  to  find  them  in  the  bed  of  a  stream  flowing 
through  such  material  as  the  glacial  drift,  while,  as  stated 
above,  the  kettle-holes  are  quite  free  from  them. 

There  are  also  evidences  two  miles  west  of  Tarpaulin  Cove, 
on  the  south  side  of  Naushon,  that  a  glacial  stream,  of  no  mean 
proportion,  swept  from  among  the  hills  in  the  center  of  the 
island  into  Vineyard  Sound.  The  exact  windings  of  the 
stream  are  easily  traced,  and  just  to  the  west  of  its  mouth  strat- 
ified deposits  are  found  cropping  out  in  the  bluff  seventy-five 
feet  above  mean  tide;  but  this  river  channel,  unlike  the  one 
found  on  the  mainland  east  of  Wood's  Holl,  has  few  bowlders 
in  it  because  of  the  fineness  of  the  material  composing  the 
west  end  of  the  island,  and  the  notable  absence  usually  of 
large  rock  fragments  especially  at  this  point. 

Stratified  deposits  composed  of  clay  and  sand  more  or  less 
fine  are  found  in  various  other  localities.  Beyond  Quisset 
Harbor  nearly  to  the  extreme  northeast  point  visited,  a  finely 
laminated  clay  bed  several  feet  in  thickness  and  covering  con- 
siderable area  is  found  with  no  coarse  material  over  it  but 
large  bowlders  near  by.  At  several  points  on  the  road 
between  Wood's  Holl  and  Falmouth  thin  beds  of  stratified 
material  are  found,  one  of  which  dips  at  an  angle  of  aboiU 
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thirty  degrees;  but  most  likely  this  is  due  to  local  displace- 
ment, perhaps  a  sliding  of  a  I'ank  rather  than  a  general 
disturbance  of  the  surface  of  the  region.  These  stratified 
deposits  are  found  in  a  great  many  localities,  both  upon  the 
mainland  and  the  islands,  and  often  upoif  the  highest  points 
of  the  region ;  the  most  extensive  of  all  (described  in  my 
former  article)  are  upon  the  very  summit  of  Naushon  over  two 
hundred  feet  above  the  sea.  At  times  they  are  overlaid  by 
coarse  unmodified  drift,  at  others  occupy  the  surface ;  and 
upon  a  study  of  the  localities  and  the  character  of  the  deposits 
it  seems  that  they  were  made  by  the  flowing  waters  of  the 
streams  as  they  ran  from  the  face  of  the  glacier  and  found  their 
way  over  the  terminal  moraine  into  the  sea  beyond. 

I)oubtless  the  borders  of  the  kettle-holes  were  much  higher 
at  the  close  of  the  Glacial  period,  and  the  depressions  them- 
selves much  deeper ;  and  perhaps  we  can  safely  add  one-third  or 
one-half  to  the  measurements;  and,  as  mentioned  elsewhere, 
the  angle  of  the  slope  has  been  much  reduced ;  however,  no 
excavation  or  railroad  cut  has  yet  afforded  an  opportunity  for 
the  examination  of  the  formations  at  the  bottom  of  these 
depressions. 

It  will  be  noticed  that  just  east  of  Quisset  Harbor  the  gen- 
eral direction  of  the  long  axes  changes,  and  instead  of  having 
the  same  trend  with  those  on  the  Elizabeth  Islands  and  the 
point  of  the  peninsula  near  the  village  of  Wood*s  H^ll,  it 
swings  around  toward  the  north  to  about  N.  25°  or  30°  E. ; 
and  just  here  Mr.  Warren  Upham  made  an  angle  in  the  ter- 
minal moraine.* 

Clarence  King,  Mr.  Upham  and  others  make  the  Elizabeth 
Islands  and  the  line  of  hills  about  Wood's  Holl,  Falmouth, 
Quisset,  etc.,  a  portion  of  an  inner  moraine,  and  Martha's 
Vineyard,  Nantucket,  etc.,  marking  the  outer.  I  have  not 
been  able  to  devote  any  time  to  the  study  of  the  outer  moraine 
upon  the  islands  except  to  note  a  few  features  of  No  Man's 
Land.  It  has  been  asserted,  but  certainly  by  those  who  have 
not  examined  the  island  carefully,  that  the  south  shore  is  in 
large  part  made  tip  of  ledges,  but  a  visit  failed  to  discover 
them.  However  clear  evidences  of  large  beds  of  stratified 
material,  doubtless  of  the  so-called  Tertiary,  similar  to  some  of 
those  at  Gay  Head  at  the  west  end  of  Martha's  Vineyard, 
extend  along  the  south  shore  in  a  cliff*  seventy-five  feet  high, 
with  a  layer  about  five  feet  thick  of  very  coarse  unstratified 
material  upon  the  top.  These  stratified  beds  have  a  strike  of 
N.  50*"  W.,  dip  25°  N.E.  There  are  also  stratified  deposits 
cropping  out  along  the  east  side  of  the  island,  and  the 
encroachments  of  the  sea  upon  that  part  of  the  shore  show  the 

•  This  Journal,  III,  vol.  xviii,  p.  203. 
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edge  of  a  considerable  deposit  of  peat  in  a  depression  some 
forty  feet  above  the  sea.  We  were  informed  by  one  wdl 
acquainted  with  the  island  that  a  pole  thrust  down  into  it 
shows  the  bed  to  be  twenty  feet  thick. 

Remote  from  the*sea,  upon  Naushon  and  the  other  islands, 
there  are  found  large  numbers  of  shells  of  both  lamellibraDcti 
and  gasteropod  mollusks,  often  unbroken,  and  even  the  valves 
of  the  lamellibranchs  not  separated,  the  carapaces  and  at  times 
whole  crabs,  shells  of  barnacles,  etc.,  which  are  carried  there 
by  the  birds,  more  particularly  by  the  crow,  as  it  is  found  that 
they  depend  largely  upon  these  animals  for  their  food.  Doubt- 
less these  animal  remains  are  buried  and  preserved  by  the 
drifting  sands,  and  this  fact  possibly  should  modify  the  views 
of  those  who  would  draw  very  sharp  lines,  upon  the  ground  of 
fossils  alone,  between  marine  sedimentary  and  other  deposits. 
Also  ripple-marks  made  by  the  winds,  and  as  perfect  as  are 
ever  formed  by  the  waters,  were  found  covering  considerable 
areas  in  the  sands  high  above  the  sea. 


Art.    LXIV. — Cause   of   the    apparently    perfect  cleavage  in 
American  Sphene  {Titanite);  by  Geo.  H.  Williams. 

Many  minerals,  like  diallage,  bronzite,  sanidine,  etc.,  are 
known  to  possess  a  "parting"  (German  Absonderung)  in  certain 
directions  which  is  essentially  different  from  a  true  cleavage. 
This  may  be  due  to  interrupted  growth  of  the  crystal,  to  regu- 
larly arranged  inclusions  or  to  other  causes  not  always  easy  to 
explain.  Professor  G.  vom  Rath  of  Bonn  has  recently  demon- 
strated that  the  very  perfect  parting,  which  exists  in  some 
varieties  of  pyroxene  parallel  to  the  basal  pinacoid,  is  produced 
by  the  interposition  of  exceedingly  thin  twinning  lamellae.* 
These  are  so  very  narrow  (J-J°'°')  ^^^^  ^^^7  viere  for  a  long 
time  entirely  overlooked.  This  structure  is  especially  charac- 
teristic of  the  salite  occurring  so  abundantly  in  northern  New 
York  and  Canada,  and  seems  always  to  be  due  to  the  same 
twinning  lamellae  which  vom  Rath  first  observed  in  crystals 
of  diopside  from  Achmatowsk  in  the  Urals. 

In  hornblende  such  a  parting  parallel  to  the  basal  plane  is 
very  exceptional,  although  it  is  has  been  observed  by  the  writer 
in  certain  dark  brown  crystals  from  South  Pierrepont,  St  Law- 
rence Co.,  N.  Y.  It  is  here  also  due  to  the  presence  of  twin- 
ning lamellae  as  in  the  case  of  salite.  The  same  parting  pro- 
duced by  twinning  lamellae  inserted  parallel  to  the  faces  of  the 

♦  Zeitschrift  fOr  Krystallographie,  t,  p.  495.     1881. 
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fundamental  rhombobedron  is  well  known  in  corundum  and 
hematite  crystals  from  many  localities. 

During  nis  recent  visit  to  this  country,  Professor  vom  Rath 
suggested  to  the  writer  that  the  apparently  perfect  cleavage  so 
often  observed  in  the  American  sphene  might  be  due  to  pre- 
cisely the  same  cause,  and  such  indeed  upon  investigation 
tarns  out  to  be  the  fact. 

The  cleavage  of  sphene  is  variously  given  by  diflFerent 
authors,  and  seems  not  to  be  at  all  constant  in  specimens  from 
different  localities.  As  early  as  1840,  Professor  C.  U.  Shepard 
figured  and  described  crystals  from  Natural  Bridge,  Lewis  Co., 
Ts.  Y.,  and  from  Qrenville  in  Canada,  upon  which  two  appar- 
ently perfect  cleavages  were  observed  meeting  at  an  angle  of 
123  80',  or  as  afterward  more  accurately  determined  by 
Brooke,  125°  80'.  The  somewhat  abnormal  habit  of  these 
crystals  together  with  this  cleavage  seemed  to  Professor  Shep- 
ard a  sufficient  ground  for  designating  them  as  a  new  species, 
which  he  did  under  the  name  of  lederite.*  In  speaking  of  the 
*'  Gelbmenakerz  "  of  Werner,  a  massive  variety  of  spheue  from 
Arendal  in  Norway,  Professor  Quenstedt  says:  "Ihr  Aussehen 
erinnert  an  Spatheisenstein,  allein  wir  haben  nur  zwei  blattrige 
Briiche,  die  sich  etwa  unter  126®  schneiden,  aber  mehr  schaligen 
Absonderungen  gleichen.'^f  The  same  cleavage  angle  (125^®) 
is  also  given  by  Blomstrand  as  occurring  in  the  variety  of 

sphene  from  Smaland,  Sweden,  recently  named  by  him  alshe- 
dite.j: 

The  sphene  which  occurs  so  abundantly  in  this  country 
associated  with  various  silicates  or  with  apatite  in  the  lime- 
stones of  the  Laurentian,  is  almost  always  of  a  chocolate-brown 
color,  and  shows  when  in  distinct  crystals  the  habit  of  the  variety 
called  by  Shepard  lederite,  (see  figure).  Whenever  anything 
resembling  a  cleavage  is  present,  the  surfaces  meet  under  the 
angle  given  above,  corresponding  to  that  of  the  pyramid  — 4-P 
(according  to  Dana).  This  is,  however,  not  a  true  cleavage  but 
a  parting  caused  by  repeated  twinning,  as  in  the  case  of  salite. 

That  the  exact  position  of  these  lamellsB  may  be  better 
understood,  a  figure  of  a  crystal  of  the  lederite  type  is  here 
given  with  the  following  table  of  the  different  symbols  assigned 
to  the  planes  by  G.  Rose,§  Des  Cloizeaux,]  and  Professor  J.  D. 
Dana.1 

*  This  Journal,  I,  zxziz,  p.  35*7.     1840. 
f  Handbuch  der  Mineralogie,  3d  ed.,  p.  440.    1877. 
Dana,  Sjst  Min.,  Ill  Appendix,  p.  122. 
De  ^henis,  etc.    Inaug.  Disser.,  Berlin,  1820. 
Manuel  de  Min.,  i,  p.  14a     1862. 

Syat  Min.,  6th  ed.,  p.  384.    (The  signs  of  the  hemipjramids  are  changed 
to  accord  with  general  usage.) 
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The  face  ij  U  not  common.  It  has  been  observed  by  Dea 
Cloizeaux  oa  greenovite,  the  manganese  spbene  from  St.  Afarcel, 
Piedmont,*  and  bj  Hessenberg  on  crystals  from  Pfitsch  io 
Switzerland.f  It  is  also  present  on  several  crystals  of  the 
lederite  habit  in  my  possession,  occurring  with  apatite  in  a  red 
calcite  near  Eganville,  Renfrew  Co.,  Canada.  Tnia  face  lies  id 
the  zone  y:r  and  makes  with  j  an  angle  of  130°  27' — (calcu- 
lated 130°  45'  pea  CI.)).  In  one  of  the  crystals  showing  this 
plane  the  parting  is  exceptionally  well  developed ;  and  the 
simultaneous  reflections  from  both  the  crystal  plane  and  part- 
ing surface  shows  that  they  are  exactly  parallel. 

The  most  perfect  tjevelopment  of  this  parting  which  I  have 

anywhere  observed  is  in  the  silvery-brown  sphene,  associated 

with  the  white  microcline  and  green  malacolite  from  Pitcaim,  St 

Lawrence  Co.,  N.  Y.     These  minerals  are  found  imbedded  in 

n  coarse  grained  calcite  and  all  have  their  faces  and  angles  so 

rounded  that  accurate  cryatallographic  determinations  are  very 

difficult.     The  malacolite  shows  a  perfect  parting  parallel  to 

OP.     In  the  sphene  the  parting  is,  aa  a  rule,  much  more  per 

^^^Ctly  developed  parallel  to  one  pyramid  face  than  it  is  parallel 

Hlto   tne   other.     After  a   number   of  trials   such    pieces   were 

^^HitaineJ  as  gave  equally  distinct  rejections  from  both  surfaces 

^^^■d  the  angle  between  them  was  determined  by  measurement 

^  bo    12o°   26'.     The  calculated   angle,   as  given    by   Dea 
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Cloizeaaz,*  between  i^asI^is  126^  42',  so  that  the  agreement  is 
as  great  as  coald  be  expected  in  consideration  of  the  reflections 
never  being  perfectly  sharp. 

The  frequent  total  absence  of  this  parting  in  one  portion 
of  a  crystal  when  it  is  highly  developed  in  another  part, 
as  well  as  the  fact  that  it  is  to  be  foand  parallel  to  only  one  of 
the  two  pyramidal  faces,  shows  that  it  is  not  to  be  regarded  as 
a  true  cleavage. 

It  is  furthermore  easy  to  convince  oneself  by  a  careful  in- 
spection of  such  crystals  as  show  it  most  perfectly,  that  this 
[)arting  is  really  due  to  repeated  twinning.  The  interposed 
amellse  are  so  narrow  as  to  be  readily  overlooked.  They  run 
around  the  crystal  in  the  direction  indicated  in  the  figure — 
though  of  course  in  much  greater  numbers — meeting  the  edge 
r/sr  at  an  angle  of  about  16°.  On  the  crystals  from  Pitcairn 
especially,  the  lamellae  are  sometimes  broad  enough  to  give 
bright  reflections  of  their  own,  and  in  one  case  it  was  possible 
to  measure  the  inclination  of  the  face  r  to  the  lamellds  travers- 
ing it  as  159®  17'.  The  truly  hemitropic  character  of  these 
lamellae  is  best  shown  in  polarized  light.  A  section  of  a  Pit- 
cairn crystal  cut  parallel  to  one  of  the  parting  surfaces  showed 
parallel  bands,  similar  to  those  observed  in  calcite,  when  this 
mineral  is  twinned  according  to  —^R.  The  width  of  these 
bands  varies  from  J  to  -^  of  a  millimeter,  each  one  frequently 
appearing  to  be  made  up  of  innumerable  narrower  ones.  They 
often  change  in  width  and  sometimes  either  pinch  out  gradually 
or  suddenly  disappear.  No  accurate  measurements  of  the 
angle  of  extinction  of  these  bands  could  be  made  on  account 
of  the  very  high  refractive  index  of  the  mineral. 

There  seems,  therefore,  to  be  little  doubt  that  the  apparently 
perfect  cleavage,  so  characteristic  of  much  of  the  American 
sphene  is  produced  by  a  polysyntheiic  twinning  parallel  to  the 

face  7  (=  — 4PDana,  — 2P  Des  Cloizeaux,  fP4  Rose),  a  &ct 
that  is  of  interest  as  well  for  being  a  new  twinning  law  for  this 
mineral  as  an  explanation  of  its  characteristic  parting. 

In  light  of  the  recent  investigations  by  Miigge,t  F6rstner:|: 
and  others,  on  the  production  of  secondary  twinning  lamellae 
by  pressure,  it  seems  not  improbable  that  the  above  described 
structure  in  sphene  may  be  also  due  to  the  same  cause.  This 
seems  the  more  likely  since  all  the  other  minerals  associated 
with  the  sphene  from  Pitcairn,  in  which  the  parting  is  most 
perfectly  developed,  show  in  a  greater  or  less  degree  effects  of 
the  same  kind.     The  calcite  in   which   all  the  minerals  are 

*  Manuel  de  Min.,  i,  p.  U8,  1862. 

f  Neues  Jahrbuch  fiir  Min.,  etc.,  1883,  i,  p.  32 ;  ib..  ii,  p.  13  ;  lb ,  1884,  i,  p.  216. 

^Zeitachrift  fur  Erystallograpbic,  vol.  iz,  351,  1884. 

Ah.  Joub.  Sol— Third  Sibibs,  Vol.  XXIX,  No.  1*74.— Juvb,  1885. 
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imbedded  alwavs  has  rtDljsTntheiic  lamellae  parallel  —  ^R,  the 
green  malaco!:*^  bas  x  Terr  perfect  parting  due  to  twinning 
lamel!»  pan::-*:  .?.  Vzi\^  even  the  white  feldspar  crystal? 
(micn>c::=*"  nDsev  ::i  :iie  zrearest  perfection  that  peculiar  mi 
croper-r-rir  ri^jizrino^cc  :f  albite  substance  which  Lehmann 
has  FJ?:  fca!r":«£  *:  tztf  jcccc  of  powerful  pressure.* 

r«T*cacsi.ai  ZMyirsBsr-  ."liiai  r-;:ckinj  UniTenutj,  March  26,  1885. 


-::Eyr:?ic    intelligence. 

1    :-f-i  -laY  AND  Physics. 

.    Jif'*-'     -.  Tt   ^dWHti    :/■  jn  investigation  as  to  the  chem- 

*•?#?>. -^    -i    ••»  ~'^  ^  Iftermination  oj'  organic  matter  in 

^.r.yni^    rrmr-    ^  ?Tr»TC5»ffr  J.  W.  Mallet,  F.K.S.,  University 

:       rraa    :'rT"^^  icwsdrc  D  to  the  Annual  Report  of  the 

■^utTjiia^  5(i«ri  «  Semia  5er  1?S2,  pp.  189-353,  with  48  tables 

izTPK-. — ^A  preliminaiT  report  on  the  gen- 

xr^scindoii  was  published  by  the  National 

ago,  but  the  full  report  has  but 

:^  ill  details  as  to  the  kinds  of  water 

TicViods  mvestigated,  the  tests  to  which 

obtained,  and  the  conclusions 


iXAmined — 161    in   number  —  were 
.■**'  -•?  -■•:.^V3'X  i*»d«: 

..'•'- .--rrs.   ^Tfcr.^'^^  relieved  from  actual  use  to  be  of 
-^  z^    ''znkLrtffu  :T»r2ading  the  regular  wat-er  supply  of 

TiT  ibe  United  States. 

_   '  which  there  seems  to  be  fair  ground 

A^.Tciii.v  cfru^ied  disease  on  the  part  of  these 
^,^-,  ,:^^3.  jt-  '•^^nf^  irff  information  as  to  such  waters,  and 
^  _^T>,.^  X  :.^n.  wftf  Tmhiis^hed  for  several  months  in  the 
^^.  .,  ^^-^  ::  fi?=*tTi  i>n-]etin,  and  was  extensively  copied 
i>.  i?*    ji-roTttsionsI  journals,  and  a  copious  corres- 


T  *-?" 


^.-•=.rtT?    '--      'O'^^v^uuT*  fciin   Others  in  various  parts   of  the 

^'^_\^     ^^  •!!:.- .^-*^*    T/  ^•"Lrt  *nch  samples  and  to  sift  the  evi- 

**"'       ^    .    -^  .5csn"h.-»4iN:  Win wciion  of  each  water  with  the  pro- 

.X*T,-.-ni    «.-iUi'>  :«f  «ionbtful  but  more  or  less  siifi- 

,  '^.c*       Is    ii^T<*"*£»p.'*£   li"*  these  the  medical   evidence 

.  ,»  v-.:»    •     •.>i*-i"'  iiJf»*'*nK  «hem  in  class  II. 

'*"  .  ^   ..       ..iT::VfMi:-    irt»iik:Y^:i  waters,  made  by  adding  !<• 

^        5^:i:f«a   *«"^^  "".   rtf»?*''Tr.iTii;e  amounts  of  various  infii>ion> 

^^.    r.»-.t»-    re  :.fc:ural  origin,  and  of  such  kinils 

..  -.    -un-.Hi  •viTisxnpiion  is  liable  to  come  in  cun- 

^- .;^  )%«jiHiSuaif  ott  iIikirstallinischeD  Schiefergtsteice. 
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Class  Y. — Artificially  prepared  waters,  made  as  above,  with 
yarioQs  forms  of  vegettwle  refuse  from  manafacturiDg  or  industrial 
operations. 

Class  YI. — Artificially  prepared  waters,  as  above,  made  with 
animal  (or  partly  animal)  organic  matters  of  natural  origin, 
especially  such  as  are  likely  to  occur  in  connection  with  the  con- 
tamination of  drinking  water. 

Class  YII. — Artificially  prepared  waters,  as  above,  made  with 
animal  refuse  from  manufacturing  or  industrial  operations. 

Class  VIII. — Artificially  prepared  waters,  as  above,  to  which 
had  been  added  morbid  products  from  certain  diseases  in  the 
human  subject. 

Class  IX. — Solutions,  in  distilled  water,  of  carefully  determined 
amounts  of  pure  organic  substances  of  definite  chemical  compo- 
sition. 

The  three  methods,  with  various  modifications  of  the  same,  for 
the  determination  of  organic  matter  which  were  investigated 
were: 

(1)  The  "combustion  process"  of  Frankland  and  Armstrong; 
(2)  The  '^albuminoid-ammonia  process"  of  Wanklyn,  Chapman 
and  Smith ;  and  (3)  The  "  permanganate  process,"  originally  sug- 

fested  by  Forchbammer,  in  the  forms  advocated  by  Tidy  and 
Lubel  respectively. 

The  specimens  of  water,  supplied  under  precisely  similar  condi- 
tions, were  simultaneously  examined  by  these  methods  in  the 
hands  of  three  independent  analysts,  well  trained  for  the  work, 
one  in  Baltimore,  one  in  Washington,  and  one  at  the  University 
of  Virginia — all  quite  ignorant  of  the  histor;^  and  character  of 
the  specimens  submitted  to  them,  these  specimens  being  desig- 
nated solely  by  an  arbitrary  series  of  numbers. 

At  the  same  time  a  microscopic  examination  of  each  water  was 
made  and  a  pathological  investigation  of  its  effect  (when  concen- 
trated by  evaporation  at  very  low  temperature)  upon  rabbits 
by  hypodermic  injection,  under  the  direction  of  Professor  H. 
Jewell  Martin,  of  the  Johns  Hopkins  University. 

A  detailed  criticism  of  each  of  the  methods  examined  is  given, 
noticing  the  special  advantages  and  defects  of  each,  with  sugges- 
tions for  the  practical  modification  of  these  methods  with  a  view 
to  their  improvement. 

The  chief  interest  of  this  report  in  its  complete  form  consists  in 
the  study  by  comparison  with  each  other  of  the  results  given  in 
the  series  of  tables,  illustrating  pretty  fully  the  bearing  of  the 
different  conditions  involved — character  of  water  examined,  state 
in  which  its  organic  matter  was  present  when  examined,  precise 
conditions  of  application  of  the  methods  used,  different  character 
of  the  results  deducible  from  each  of  these,  etc. 

The  most  important  general  conclusions  arrived  at  as  to  the 
value  for  sanitary  purposes  of  the  different  processes  studied  are 
the  following : 

(1.)  It  is  not  possible  to  decide   absolutely  upon   the  whole- 
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someness  or  unwholeBomeness  of  a  drinking  water  by  the  mere 
use  of  any  of  the  prooeases  examined  for  the  estimation  of  oig&nie 
matter  or  its  constituents. 

(2.)  In  judging  the  sanitary  character  of  a  water  not  onlymiut 
sach  processes  be  ased  in  connection  with  the  investigation  of 
other  evidence  of  a  more  general  sort,  as  to  the  sonree  and  his- 
tory of  the  water,  but  should  even  be  deemed  of  but  secondary 
importance  in  weighing  the  reasons  for  accepting  or  rejecting  a 
water  not  manifestly  unfit  for  drinking  on  other  grounds. 

(8.)  There  are  no  sound  grounds  on  which  to  establish  such 
general  ''  standards  of  purity  "  as  have  been  proposed  looking  to 
exact  amounts  of  organic  carbon  or  nitrogen,  **  albominoid- 
ammonia,"  oxygen  of  permanganate  consumed,  etc.,  as  permissi- 
ble or  not.  Distinctions  drawn  by  the  application  of  such 
standards  are  arbitrary  and  may  be  misleading. 

(4.)  Two  entirely  legitimate  directions  seem  to  be  open  for  the 
useful  examination  by  chemical  means  of  the  organic  constitueDts 
of  drinking  water,  namely :  first,  the  detection  of  very  gross  pol- 
lution, such  as  the  contamination  of  the  water  of  a  well  by 
accidental  bursting  or  crushing  of  soil-pipes,  leakage  of  drains, 
etc.;  and  secondly,  the  periodical  examination  of  a  water  supply, 
as  of  a  great  city,  in  order  that,  the  normal  or  usual  character  of 
the  water  having  been  previously  ascertained,  any  suspicious 
changes  which  from  time  to  time  may  occur,  shall  be  promptly 
detected  and  their  cause  investigated. 

(5.)  In  connection  with  this  latter  application  of  water  analysis 
there  seems  to  be  no  objection  to  the  establishment  of  loc^d 
*'  standards  of  purity  "  for  drinking  water,  based  on  sufficiently 
thorough  examination  of  the  water  supply  in  its  usual  condition. 

(6.)  The  facts  of  this  investigation  tend  to  show  that  special 
and  very  great  importance  should  be  attached  to  a  careful  deter- 
mination of  the  nitrites  and  nitrates  in  water  to  be  used  for 
drinking.  No  aspect  in  which  the  good  and  bad  natural  waters 
have  been  compared  has  afforded  so  definite  a  result  as  this. 

(7.)  In  watching  a  large  city  water  supply  use  should  be  made 
of  all  three  of  the  j)rincipal  processes  for  the  examination  of  the 
organic  matter  present ;  each  gives  a  certain  kind  of  information 
which  the  others  do  not  afford.  Under  circumstances  admitting 
only  of  the  use  of  simple  means  of  investigation,  the  albuminoid- 
ammonia  and  permanganate  processes  might  be  employed 
together,  but  in  no  case  should  one  only  of  these  methods  be 
resorted  to,  such  a  course  entailing  practically  the  neglect  ot 
carbon  on  the  one  hand  or  nitrogen  on  the  other. 

Among  the  more  interesting  special  conclusions  reached  may 
be  quoted  the  following : 

(1.)  Distinct  proof  has  been  obtained  that  in  the  *^  combustion 
process"  there  are  two  constantly  present  errors,  varying  but 
usually  important  in  amount,  namely :  loss  of  carbon  during  the 
evaporation  of  the  water,  and  gain  of  nitrogen  from  ammonia  in 
the  atmosphere  surrounding  the  gas  fiame,  the  latter  probably 
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>artly  balaooed  by  loss  of  nitrogea  originally  present  in  the 
Mrater. 

(2.)  It  has  been  shown  that  within  a  practically  reasonable 
Ame  enoagh  water  for  the  application  of  the  combustion  process 
nay  be  evaporated  in  a  closed  vessel  and  under  greatly  i^uced 
pressure  at  a  temperature  but  little  over  30°  C,  and  that  decid- 
edly improved  results  may  be  obtained  by  thus  modifying  the 
process. 

(3.)  In  regard  to  the  Wanklyn  *'  ammonia  process"  it  has  been 
ascertained  that  in  the  determination  both  of  "  free  "  and  '*  albu- 
minoid "  ammonia  there  is  a  loss,  sometimes  quite  considerable  in 
Eimount,  resulting  from  imperfect  condensation  of  the  ammonia 
during  distillation. 

(4.)  In  the  application  of  the  same  process  it  has  been  proved 
that  in  some  cases  nitrogenous  organic  matter  is  volatilized  dur- 
ing the  distillation  for  ^^free"  ammonia,  and  the  amount  of 
so-called  '^  albuminoid  "  ammonia  thus  made  to  appear  less  than 
it  should  be. 

(5.)  As  regards  the  *^  permanganate  process  "  it  seems  that  the 
amount  of  oxygen  consumed  by  a  specimen  of  water  is  probably 
in  all  ordinary  cases  much  below  that  required  for  complete  oxi- 
dation of  the  organic  matter  present,  and  does  not  stand  in  any 
fixed  ratio  thereto.  It  cannot  be  taken  as  a  measure  either  of 
the  organic  carbon  or  of  the  total  organic  matter,  though  a  dis- 
tinct general  resemblance  can  be  traced  between  strongly  marked 
results,  high  or  low,  as  the  case  may  be,  for  the  consumption  of 
oxygen  on  the  one  hand  and  organic  carbon  (by  the  combustion 
process)  on  the  other. 

(6.)  The  conclusions  commonly  drawn  from  the  ratio  of  carbon 
to  nitrogen  in  the  organic  matter  of  water  as  to  this  organic  mat- 
ter being  of  vegetable  or  animal  origin  may  in  some  cases  be 
quite  erroneous.  Thus,  for  instance,  this  ratio  would  in  the  case 
of  water  contaminated  by  the  alkaline  washings  from  the  manu- 
facture of  starch,  lead  to  the  belief  that  animal  matter  was 
present,  while  in  water  to  which  an  infusion  of  human  faeces  had 
been  added  the  ratio  in  question  would  indicate  vegetable 
impurity.  • 

(7.)  The  biological  experiments  (on  rabbits)  serve  to  show  that 
the  general  belief  in  the  greater  danger  arising  from  the  presence 
of  animal  rather  than  vegetable  organic  matter  in  water  is  not  to 
be  accepted  without  qualification  or  exception.  Most  strongly 
marked  pathological  effects  were  produced  (and  verified  by  repe- 
tition) by  water  to  which  there  had  simply  been  added  an 
infusion  of  dead  forest  leaves,  such  as  is  washed  away  in  immense 
quantity  in  autumn  and  winter  from  the  surface  of  any  woodland 
country. 

(8.)  The  very  small  absolute  amount  of  organic  matter  indi- 
cated as  present  in  many  of  the  most  dangerous  waters  examined 
furnishes  evidence  against  any  purely  chemical  theory  of  the  pro- 
duction of  disease  n'om  this  source,  and  tends  to  support  the 
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belief  that  not  to  the  direct  effect  of  any  chemical  sabstances 
(such  effect  necessarily  standing  in  definite  relation  to  their  qaan- 
tity),  but  to  the  presence  of  living  organisms  with  their  power 
of  practically  unlimited  self-multiplication^  we  mast  in  all  proba- 
bility look  for  an  explanation  of  most  at  any  rate  of  the  mischief 
attributable  to  drinking  water.  At  the  same  time  it  is  of  coarse 
possible  that  indirectly  a  large  amount  of  organic  matter  in  water 
may  be  more  dangerous  than  a  smaller  quantity,  as  furnishing  on 
a  greater  scale  the  suitable  material  and  conditions  for  the  devel- 
opment of  noxious  as  well  as  harmless  organisms. 

(9.)  The  biological  experiments  indicated  by  some  of  their 
results,  not  only  the  probability  that  the  pernicious  character  of 
certain  waters  was  referable  to  the  presence  and  action  of  living 
organisms,  but  also  the  possibility  that  a  water  containing  organic 
matter  of  any  kind  may  be  harmless  at  one  time  and  harmnil  at 
another,  when  perhaps  a  different  stage  of  fermentative  or  putre- 
factive change  may  have  been  entered  upon,  and  special  organ- 
isms may  have  made  their  appearance  or  entered  upon  a  new 
phase  of  existence. 

The  Report  is  marred  by  some  typographical  errors  arising 
from  its  being  printed  without  the  proof-sheets  having  been 
submitted  to  the  author  for  correction.  The  most  important 
mistake  in  the  printing  consists  in  the  ^'general  discussion  of 
results "  being  given  first  as  a  reproduction  of  the  preliminary 
report,  instead  of  appearing  in  proper  place  at  the  end  of  the 
main  report ;  all  the  matter  from  the  lower  part  of  p.  190  to  p.  211 
inclusive,  should  be  transferred  so  as  to  come  immediately  before 
p.  307. 

Those  who  may  desire  to  see  the  Report  itself  should  apply  to 
W.  P.  Dun  WOODY,  Esq.,  Secretary  of  the  National  Board  of 
Health,  Washington,  D.  C. 

2.  Radiation  from  incandesceiit  lamps, — Crookes,  from  the 
result  of  experiments  on  the  radiation  from  thermometer-bulbs  in 
high  vacua,  has  concluded  that  at  pressures  between  forty  niil- 
lionths  and  one  millionth  of  an  atmosphere  the  radiation  varies  as 
the  mean  molecular  free  path.  Captain  Abney  lately  communi- 
cated to  the  Physical  Society  of  London  the  results  of  experiments 
upon  the  radiation  from  incandescent  electric  lamps  contained  in 
thin  glass  bulbs.  It  was  found  that  from  forty  millionths  to  ten 
millionths  of  an  atmosphere  the  radiation  increases  uniformly  with 
decrease  of  pressure,  but  beyond  this  point  it  becomes  nearly  con- 
stant. The  amount  of  radiation  for  any  ray  of  the  spectrum  was 
then  determined  by  means  of  a  thermopile,  and  the  result  was 
then  plotted,  with  watts  as  abscissa)  and  radiation  as  ordinates. 
The  curves  for  each  kind  of  ray  were  found  to  be  hyperbolas 
with  vertical  axes.  The  result  gave  a  method  for  rendering  iden- 
'cal  the  quality  of  the  light  emitted  by  any  two  lamps.     The 

''^iation  is  found  for  any  particular  ray,  and  by  examining  the 
^e  corresponding  to  that  ray  from  the  other  lamp  one  can  find 
what  number  of  watts  the  radiation  is  the  same. — Nature^ 

pril  2,  1885,  p.  623.  j.  T. 
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3.  Measurement  of  low  temperatures.  —  M.  Wboblbwski  has 
compared  the  indications  of  a  hydrogen  thermometer  and  a  ther- 
mal junction.  The  hydrogen  thermometer  indicates,  below  —198° 
C,  temperatnres  lower  tnan  the  thermal  junction,  which  shows 
that  hydrogen  below  the  above  temperature  contracts  more  than 
the  laws  of  Mariotte  and  Gay-Lussac  demand.  This  departure 
increases  with  the  depth  of  temperature.  Thus  the  hydrogen 
thermometer  gives  for  the  temperature  of  solidification  oi  oxide  of 
carbon  and  azote  —207°  C.  and  —214°  C.  The  thermal  junction 
gave  —199°  C.  and  —203°  C.  The  regularity  of  the  thermo- 
electric curve  shows  that  the  thermal  junction  gives  more  reliable 
indications  than  the  air  thermometer  at  very  low  temperatures. 
When  oxygen,  azote,  and  oxide  of  carbon  are  evaporated  in  a 
vacuum  the  temperature  falls  only  a  few  degrees  below  —200°  C. 
The  author  also  maintains  that  the  law  of  liquefaction  of  atmos- 
pheric air  is  not  that  of  a  simple  gas;  but  acts  like  a  mixture  of 
which  the  components  have  different  laws  of  liquefaction. —  (7omp- 
tes  Rendus^  April  13,  1886,  p.  979.  j.  t. 

4.  New  property  of  Selenium. — Werner  Siemens  has  exam- 
ined the  new  selenium  cells  made  by  Mr.  Fritts,  of  New  York, 
and  states  that  they  possess  great  sensitiveness  to  rays  of  light  of 
certain  refrangibiiity.  These  cells  consist  of  a  thin  homogeneous 
layer  of  selenium  spread  on^a  metal  plate.  This  layer  is  heated 
to  convert  it  from  amorphous  to  crystalline  selenium,  and  is  then 
coated  with  fine  gold  leaf.  One  of  the  plates  examined  by  Sie- 
mens was  not  sensitive  to  light ;  when,  however,  a  galvanometer 
was  intercalated  between  the  gold  leiaf  and  the  base  plate,  the 
existence  of  an  electrical  current  was  detected.  The  difference  of 
potential  was  apparently  proportional  to  the  light,  and  it  remained 
during  the  illumination.  The  infra-red  rays  did  not  produce  this 
difference  of  potential.  This  electromotive  force  increased  from 
9.30  A.  M.  to  11.35  A.  M. ;  remained  constant  for  some  time,  and 
then  decreased  to  3  p.  m. — Sitzungsherichte  der  Akad.  der  Wissen. 
zu  Bet  liny  Feb.  12,  1886.  *  j.  t. 

5.  On  the  depth  in  the  sea  to  which  light  penetrates. — MM.  H. 
LoL  and  Ed.  Sarasin,  who  have  studied  the  absorption  of  light 
by  the  water  of  Lake  Geneva,  have  extended  their  researches  to 
the  water  of  the  Mediterranean.  The  photographic  plates,  which 
were  lowered  to  different  depths,  were  protected  from  the  action 
of  salt  water  by  a  bituminous  varnish,  which  was  removed  by 
spirits  of  turpentine  and  alcohol  before  the  plates  were  developed. 
The  authors  conclude  from  their  experiments  that  during  the  month 
of  March,  at  midday  and  under  a  clear  sky,  the  diurnal  rays  are 
arrested  at  a  depth  of  400"". —  Comptes  Rendus^  April  13,  1885, 
pp.  991-994.  J.  T. 

6.  Thermo-electric  piles. — ^The  Clamond  battery  is  constructed 
of  couples  of  iron  or  nickel  and  an  alloy  of  antimony  and  zinc. 
M.  Clamond  and  M.  Carpenter  have  lately  greatly  increased  the 
efficiency  of  this  battery.  One  model  consisting  of  120  elements 
gave  8  volts  and  had  an  internal  resistance  of  3*2  ohms;  another 
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of  60  elements  gave  8*6  volts  with  an  internal  resbtanoe  of  0-65 
ohms.  The  amount  of  gas  consumed  by  both  models  was  180 
liters  per  hour. 

II.   Oeology  and  Mineralogy. 

1.  Intematianal  Geological  Congress. — ^The  third  session  of  the 
International  Geological  Congress  will  be  opened  at  Berlin  on  the 
28th  of  September,  under  the  honorary  presidency  of  Dr.  H.  tod 
Dechen,  and  will  continue  to  October  da.  Geological  excursions 
will  occupy  from  the  5th  to  the  10th  of  October.  Those  intend- 
ing to  be  present  should  announce  it  soon  to  the  secretary  of  the 
Committee  of  Organization,  Berlin,  No.  44  Invalidenstrasse,  with 
a  mention  of  residence  and  position.  The  fee  for  new  members, 
12  francs,  may  be  sent  with  the  letter  announcing  the  proposed 
attendance. 

2.  Pennsylvania  Geological  Atlas  of  Counties.  —  Professor 
Lesley,  the  Director  of  the  Geological  Survey  of  Pennsylvania, 
has  published,  in  octavo  form,  an  atlas  of  County  geological  maps, 
sixty-seven  in  number  and  admirable  in  all  respects,  together  with 
introductory  text  containing  a  general  account  of  the  several 
counties  both  topographical  and  geological.  It  is  exceedingly 
gratifying  to  have  such  an  example  of  geological  maps  on  a  con- 
venient scale  for  use,  and  maps  thtft  contain,  in  most  cases,  all 
the  details  that  are  ordinarily  desired. 

3.  Massive  SaMorite. — In  a  letter  to  the  Editors,  dated  May 
dd,  Mr.  L.  W.  McCay  states  that  to  avoid  misunderstanding  two 
incomplete  sentences  in  his  article  upon  massive  safflorite,  on  p. 
370  of  the  May  number,  should  read  as  follows :  "  He  farther 
appears  to  doubt  the  accuracy  of  the  statement  which  appears  so 
often  in  Breithaupt's  Paragenesis  to  the  effect  that  speiskobalt 
and  safflorite  appear  together,  the  former  above  the  latter ^  and 
suggests  it  as  well  to  examine  the  specimens  belonging  to  the 
Freiberg  collection  with  a  view  of  discovering  what  this  safflorite 
really  is.  The  specimens  from  Bieber,  Schneeberg,  Reinerzau 
and  Wittichen,  which  Sandberger  bad  opportnnity  to  examine, 
exhibited  no  indications  of  the  two  minerals  occurring  together 
as  statedy  The  intei'polations  requisite  for  a  proper  understand- 
ing are  in  italics. 

4.  Tlie  ISanta  Catharina  Meteorite;  by  Obville  A.  Derby. 
— Subsequent  examination,  which  unfortunately  could  not  be 
communicated  to  this  Journal  in  time  to  prevent  the  publication 
of  the  note  in  the  January  number,  shows  that  the  observations 
there  recorded  were  based  on  errors  of  identification  of  the  ele- 
ments of  the  stony  crust  that  envelops  fragments  of  the  meteor- 
ite. This  crust  proves  to  be  due  to  the  cementation  to  the  iron 
of  the  elements  of  the  soil  and  disintegrated  rock  on  which  it 
rests,  but  so  altered  in  physical  aspect  and  chemical  composition 
that  with  the  imperfect  means  of  separation  then  at  command 
and  my  limited  experience  in  dealing  with  partially  altered  and 
reconstituted  rocks,  I  was  completely  deceived  regarding  its  true 
nature  and  relations  to  the  meteoric  mass. 
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IIL     MiSCSLLAKSOUB    SCIEKTIFIG    INTELLIGENCE. 

1.  Cancours  National  de  Compensation  de  Chronomh^ea 
pour  les  tempbraiureB ;  by  6.  Cellbbisr.  Geneva^  1886. — ^The 
competition,  the  resalts  of  which  are  discassed  in  this  volume  was 
initiated  by  the  section  of  Horology  of  the  Society  of  Arts, 
Geneva.  Fifty-fonr  pocket  and  seven  marine  chronometers  were 
in  the  competition,  and  an  uncompensated  marine  chronometer  was 
added  for  purposes  of  comparison. 

It  is  well  known  that  a  chronometer  with  an  uncompensated 
balance  wheel  may  be  regulated  to  keep  time  for  any  one  given 
temperature.  With  a  compensated  balance  wheel  the  chronome- 
ter can  be  regulated  to  Keep  correct  time  at  any  two  given 
temperatures.  But  experience  shows  that,  in  general,  the  chro- 
nometer thus  adjusted  will  not  keep  correct  time  at  other  temper- 
atures than  those  two.  Fifty  years  ago  Dent  expressed  this  by 
saying :  that  between  the  two  given  temperatures  the  chronom- 
eter gains  time,  that  above  the  higher  and  below  the  lower 
temperatures  the  chronometer  loses  time.  This  secondary  error 
of  conopensation,  or  JDenfs  inequality^  is  sometimes  expressed 
thus :  The  curve  whose  cU>scissas  are  the  temperatures  ana  whose 
ordinates  are  the  corresponding  rates  is  a  parabola.  A  goodly 
number  of  mechanical  devices  have  been  tried,  at  large  expense 
of  time  and  money,  generally  with  indifferent  success,  for  the 
purpose  of  correcting  this  peculiar  irregularity.  Yet  strange  to 
say  the  present  investigation  is,  we  believe,  the  first  extensive 
one  for  ascertaining  the  facts  about  this  inequality.  It  gives  us 
a  large  number  of  observations.  M.  Cell^rier  has  obtained  from 
them  some  important  conclusions. 

Some  chronometers  had  steel  spiral  springs  and  some  had 
palladium.  The  whole  were  kept  at  a  temperature  as  near  to  5^ 
Centigrade  as  practicable  for  five  days,  then  in  like  manner  for 
successive  periods  of  five  days  each,  the  temperatures  were  10°, 
15°,  20°,  25°,  30°,  35°,  30°,  26°,  20°,  15°,  10°,  5°,  35°;  that  is, 
fourteen  periods  in  all.  Between  each  two  periods  one  day  was 
omitted  to  allow  the  warm  box  and  the  time-pieces  to  assume 
throughout  the  new  temperature.  In  tlie  final  discussion  the  last 
period  was  discarded.     The  position  throughout  was  dial  up. 

In  the  competition  of  the  time-pieces  four  observed  elements 
were  considered :  the  average  daily  error,  the  average  difference 
of  rate  in  the  two  isothermal  periods,  the  average  error  per  degree 
in  the  correction  of  the  primary  inequality,  and  the  average 
secondary  error.  But  the  principal  scientific  interest  of  the  work 
consists  in  the  facts  and  discussions  about  the  secondary  inequality. 

The  pieces  that  had  palladium  springs  were  compared  with 
those  that  had  steel  spnngs,  with  tne  following  results.  Upon 
plotting  the  curves  to  present  the  observed  secondary  error  those 
of  the  palladium  springs  had  no  really  typical  form.  They  were 
sinuous  and  of  varied  shapes  but  of  small  amplitude.  On  the 
other  hand  the  curves  for  the  steel  springs  were  much  more 
inclined  to  a  parabolic  form,  but  had  greater  amplitudes.  In 
short,  steel  springs  in  the  hands  of  a  good  adjuster  permit  us  to 
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know  by  a  simple  formula  the  rate  of  the  chroDometer,  while 
palladium  springs  give  smaller  but  more  irregular  secondary 
errors.  The  average  of  the  secondary,  errors  for  palladium 
springs  was  about  70  per  cent  of  that  for  steel  springs.  If  these  five 
points  of  merit  be  taken  together,  viz :  regularity  of  daily  rate, 
identity  of  rate  in  isothermal  periods,  smalmess  of  principal  error 
of  compensation,  smallness  of  secondary  error,  and  regularity  of 
secondary  error,  the  author  says  that  the  steel  and  the  palladium 
springs  stand  on  an  eauality. 

The  mean  acceleration  for  the  first  seven  periods  differed  from 
that  of  the  last  seven.  The  curve  for  the  secondary  error  also 
differed  very  decidedly  in  the  two  periods.  In  general  it  ap- 
proached much  more  nearly  to  the  parabola  in  the  second  thaD 
in  the  first  half  of  the  time.  The  cause  of  this  is  supposed  to 
have  been  that  most  of  the  time-pieces  had  been  adjusted  only  a 
short  time  before  the  trial,  and  therefore  had  not  in  the  earlier 
periods  attained  such  regularity  of  action  as  in  the  later  periods 

The  bulletins  of  daily  rate,  with  the  reductions,  are  given  in 
full,  and  the  various  curves  for  the  secondary  errors  are  presented 
in  the  plates.  These  curves  of  course  include  all  errors  of  obser- 
vation of  unknown  irregularities.  The  facts  developed  by  this 
competition  cannot  fail  to  throw  light  on  the  unknown  causes  of 
the  secondary  error.  n. 

[Copies  of  this  memoir  may  be  obtained  from  Mr.  Florend,  15 
Maiden  Lane,  New  York  City ;  the  price  is  20  francs. — Eds.] 

2.  Annals  of  the  Astronomical  Observatory  of  Harvard 
CoUege  ;  vol.  xiv,  Pt.  IL — Observations  with  the  Meridian  Pho- 
tometer during  the  years  1879-1882,  by  Edward  C.  Pickering, 
Director,  aided  by  Arthur  Searle  and  Oliver  C.  Wendell,  Assis- 
tants in  the  Observatory,  pp.  327-512.  Cambridge,  1885. — The 
first  portion  of  this  important  work  on  Astronomical  Photometry, 
embracing  the  observations  with  the  Meridian  Photometer  at  the 
Harvard  Observatory,  is  contained  in  Part  I  of  volume  xiv,  and 
was  briefly  noticed  in  this  Journal  at  the  time  of  its  publication 
(xxviii,  319).  Part  II,  now  issued,  contains  a  comparison  of  the 
results  of  the  Harvard  observations  with  the  cataloscue  of  Ptolemy, 
with  those  of  both  Herschels,  and  with  all  the  modern  catalogues 
which  give  estimated  or  measured  magnitudes  of  stars.  The  Sus- 
pected Variables,  Discordant  Observations,  the  Distribution  of 
Stars,  and  Errors  of  Catalogues  are  subjects  of  separate  chapters. 

3.  Thunder  Storms. — The  New  England  Meteorological  Society 
has  issued  a  circular  containing  an  announcement  of  a  special 
subject  of  investigation  for  the  summer  of  1885,  with  advice, 
which  will  be  sent  to  all  desiring  it  on  addressing  Professor  W. 
M.  Davis,  Secretary  of  the  society,  Cambridge,  Mass.,  together 
with  instructions  and  blanks  for  records.  The  council  of  the 
society  asks  the  assistance  of  members  and  observers,  and  of  all  per- 
sons interested  in  this  investigation,  not  only  in  keeping  records  out 
particularly  in  extending  the  observers  in  their  neighoorhood. 

4.  Van  Bemmelen, — In  the  last  number  of  this  Journal,  on  page 
422,  Van  Beneden  is  a  typographical  error  for  Van  Bemmelen. 
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ance  of,  168. 
Mineralogy's  Report,  California,  263. 
Minerals — 

Bindheimite,  341. 

Bismutite,  Biee,  263. 
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Monazite,  Rice,  263. 
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Cbitonidflo,  422. 
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Watts,  Henry,  172,  268. 
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Plants,  see  Botakt. 

Platinuip,  atomic  weight  ot  253. 
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PoweU,  J.   W„   plan  of  United   States 
geological  survey,  93. 

Report  of  Bureau  of  Ethnology,  81. 

Prisms,  carbon  bisulphide  in,  Draper,  269. 
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measurements,  iufiueDce  of  tempe- 
rature on,  251. 
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Infusoria,  new,  Stokes,  313. 
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See  further  under  Qeoloot. 
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